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A b s t r a c t

THE EFFECT OF REM SLEEP DEPRIVATION ON STIMULUS-BOUND 

FEEDING THRESHOLDS IN RATS

by

Ronnie Halper in  

Advise r :  P r o f e s s o r  Steven J .  Ellman

Rapid eye movement (REM) s l e e p  d e p r i v a t i o n  and amphetamine admini­

s t r a t i o n  have many s i m i l a r  behav io ra l  e f f e c t s .  Both t r e a tm e n t s  i n c r e a s e  

spontaneous motor a c t i v i t y ,  lower t h r e s h o l d s  f o r  i n t r a c r a n i a l  s e l f ­

s t i m u l a t i o n  (ICSS) and i n c r e a s e  va r ious  measures  o f  a g g re s s io n .  Fur­

the rm ore ,  both have been r e p o r t e d  t o  f a c i l i t a t e  the  l e a r n in g  o f  s imple 

t a s k s  while  i n t e r f e r i n g  with l e a r n i n g  o f  more complex t a s k s .  In  humans, 

c l i n i c a l  improvement of  endogenous d e p re s s io n  has been r e p o r t e d  in 

r esponse  t o  both REM d e p r i v a t i o n  and amphetamine.

Th is  experiment  was designed to  e xp lo re  the  r e l a t i o n s h i p  o f  a 

waking m ot iva ted  behav io r  ( f e e d in g )  to  REM s l e e p .  St imulus-bound e a t ­

ing (SBE) b e h a v io r ,  e l i c i t e d  through e l e c t r i c a l  s t i m u l a t i o n  to  the  

l a t e r a l  hypothalamus (LH), i s  b e l i e v e d  to  r e f l e c t  m ot iva ted  e a t i n g  

behav io r .

Amphetamine e x e r t s  a pa radox ica l  e f f e c t  upon ICSS and SBE behav io r  

e l i c i t e d  from th e  same e l e c t r o d e  in  t h a t  ICSS t h r e s h o l d s  a r e  lowered,  

wh i le  SBE t h r e s h o l d s  a re  e l e v a t e d  fo l low ing  amphetamine a d m i n i s t r a t i o n .



I f  the  s i m i l a r i t i e s  noted between amphetamine and REM d e p r i v a t i o n  occur  

a c ro s s  o t h e r  m otiva ted  b e h a v io r s ,  t h e n ,  c o n t r a r y  to  t h e  hypo thes i s  t h a t  

REM d e p r i v a t i o n  should dec rease  t h r e s h o l d s  f o r  a l l  m o tiva ted  b e h a v io r s ,  

one would p r e d i c t  t h a t  SBE t h r e s h o l d s  would be e l e v a t e d ,  r a t h e r  than 

lowered fo l low ing  REM d e p r i v a t i o n .  This  experiment  comprises  a s y s t e ­

m at ic  a t t e m p t  t o  dete rmine  th e  e f f e c t s  o f  REM d e p r i v a t i o n  upon SBE 

t h r e s h o l d s  a t  two d i f f e r e n t  t imes  dur ing  th e  c i r c a d i a n  feed ing  c y c l e ,  

and u t i l i z i n g  two d i f f e r e n t  t h r e s h o l d  assessment  p rocedu res .

Each of  s ix t e e n  r a t s  was implan ted wi th  a b i p o l a r  e l e c t r o d e ,  

aimed a t  the  LH, and a ppa ra tu s  f o r  r eco rd ing  e le c t ro e n c ep h a lo g ra p h  (EEG) 

and e lec t ronyog raph  (EMG). Animals d i s p l a y in g  SBE behav io r  were t e s t e d  

d a i l y  a t  vary ing  s t i m u l a t i o n  i n t e n s i t i e s  on one of  two t h r e s h o l d  a s s e s s ­

ment p rocedures  (R-50 o r  m u l t i p l e  ascending)  u n t i l  s t a b l e  e a t i n g  t h r e s h ­

o ld s  were de te rmined.  Ha l f  t h e  an imals  in each t h r e s h o l d  procedure  

were t e s t e d  a t  t h r e e  hours  a f t e r  t h e  o n s e t  o f  the  dark p e r i o d ,  and h a l f  

were t e s t e d  a t  t en  and o n e - h a l f  hours  a f t e r  the  o n se t  o f  the  l i g h t  

pe r iod  in t h e i r  d a y -n igh t  c y c le .

Th resho lds  were a s s e s s e d  d a i l y  th roughou t  the  d u r a t i o n  o f  the  

experimenta l  paradigm, which c o n s i s t e d  o f  two days o f  a d a p t a t i o n  (A), 

f i v e  days o f  b a s e l i n e  (BL), f i v e  days o f  e i t h e r  REM d e p r i v a t i o n  o r  s t r e s s  

c o n t r o l  and f i v e  days o f  recove ry  (R).  The i n v e r t e d  f lo w e r - p o t  t e c h ­

nique was u t i l i z e d  to  ach ieve  REM d e p r i v a t i o n  or  s t r e s s  c o n t r o l .  

Approximately two weeks a f t e r  the  t e r m in a t i o n  o f  the  R c o n d i t i o n ,  the 

e n t i r e  paradigm was run a g a in ,  t h i s  t ime u t i l i z i n g  th e  experimental  

c o n d i t i o n  no t  p r e v i o u s ly  run .  Animals were monitored f o r  EEG and EMG 

dur ing  a l l  c o n d i t i o n s .

A f t e r  t e r m in a t i o n  o f  t h e  s l e e p  m a n ip u la t io n s ,  n ine  r a t s  were
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t e s t e d  f o r  SBE t h r e s h o l d s  i n  response  t o  amphetamine t r e a t m e n t .  Poly­

g raph ic  d a t a  i n d i c a t e  t h a t  r a t s  t e s t e d  in  t h e  l i g h t  were s i g n i f i c a n t l y  

more REM de pr ived  dur ing  REM d e p r i v a t i o n  than  c o n t ro l  c o n d i t i o n s .

Animals t e s t e d  in  t h e  dark d id  n o t  respond d i f f e r e n t i a l l y  t o  t h e  two 

p la t fo rm  c o n d i t i o n s .

All r a t s  e x h i b i t e d  e l e v a t e d  t h r e s h o l d  in  response  t o  both t r e a t ­

ment c o n d i t i o n s  when compared t o  BL l e v e l s .  Animals t e s t e d  in  the  

l i g h t  e x h i b i t e d  s i g n i f i c a n t l y  g r e a t e r  i n c r e a s e s  over  BL l e v e l s  in  r e ­

sponse t o  REM d e p r i v a t i o n  than c o n t r o l  c o n d i t i o n s .  There was no s i g ­

n i f i c a n t  d i f f e r e n c e  in t h e  i n c r e a s e  in  t h r e s h o l d  over  BL l e v e l s  during  

REM d e p r i v a t i o n  as compared t o  c o n t r o l  c o n d i t i o n s  f o r  animals  t e s t e d  

in  t h e  da rk .

The da ta  r e f u t e  t h e  h y p o th es i s  t h a t  REM d e p r i v a t i o n  lowers  t h r e s h ­

o ld s  f o r  a l l  m o tiva ted  be h a v io r s .  On the  c o n t r a r y ,  i t  s ugge s t s  t h a t  

the  mechanisms media t ing the  behav io ra l  e f f e c t s  o f  REM s l e e p  d e p r i v a t i o n  

may be t h e  same as  those  m edia t ing  th e  r esponse  t o  amphetamine.
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Sleep

H i s t o r i c a l l y ,  i t  had been b e l i e v ed  t h a t  s l e e p  se rved a r e s t o r a t i v e  

f u n c t i o n .  Furthermore ,  s l e e p  was viewed as  a uniform s t a t e  t h a t  v a r i e d  

along  a continuum in  depth (see  Berger ,  1969) .  This  long -s t an d in g  view 

was c ha l l enged  in 1953 when Aser insky and Kleitman d i sc o v e r e d ,  in  human 

s u b j e c t s ,  a s le e p  s t a g e  t h a t  was q u a l i t a t i v e l y  d i f f e r e n t  from s le e p  as 

i t  had been unde rstood  u n t i l  t h a t  t im e.  This s l e e p  s t a t e  was c h a r a c t e r ­

ized  by b u r s t s  o f  r a p i d  con juga te  eye movements and c e n t r a l  neural  a c t i ­

v a t i o n  in  t h e  p resence  o f  behavioral  qu iescence .  The s imul taneous  occu r ­

rence  o f  desynchronous c o r t i c a l  e le c t ro e n c ep h a lo g ra p h  (EEG), r ap id  

co n ju g a t e  eye movements and r e l a t i v e  muscle a t o n i a  (as  compared t o  both 

waking and o t h e r  s l e e p  s t a t e s )  d e f i n e  REM s l e e p .  ( P a r t i c u l a r  behav io ral  

c r i t e r i a  f o r  d e f in in g  REM s le e p  w i l l  be s p e c i f i e d  below f o r  humans and 

r a t s . )  In a d d i t i o n ,  r a t e  o f  h e a r t  be a t  and r e s p i r a t i o n  a re  e l e v a t e d  and 

become more v a r i a b l e  (Aserinsky & Klei tman,  1953; Snyder,  Hobson,

Morr ison,  & Goldf rank,  1964) .  Metabol ic  r a t e  (Brebbia  & A l t s c h u l e r ,

1965) and b r a in  t em pera tu re  (Kawamura & Sawyer, 1965) a r e  i n c r e a s e d ,  

and in  males ,  p e n i l e  e r e c t i o n  occurs  during  REM s l e e p  ( F i s h e r ,  Gross ,

& Zuch, 1965; Karacan,  Goodenough, Shap i ro ,  & S t a r k e r ,  1966) .

I n i t i a l l y ,  REM s le e p  was a s s o c i a t e d  with dreaming.  Ear ly  s t u d i e s  e x ­

amining the  oc currence  of  dream r e p o r t s  dur ing  awakenings from various  

s l e e p  s t a g e s  r e p o r t e d  t h a t  dreaming occurred  as  much as  88% o f  the  t ime 

a f t e r  awakenings from REM s le e p  and as  l i t t l e  as 0% o f  t h e  t ime subsequent  

t o  awakenings from non-REM (NREM) s l e e p  (Dement, 1955) .  L a te r  s t u d i e s  

(Goodenough, Lewis,  S ha p i ro ,  J a r e t ,  & S l e s s e r ,  1965) r e p o r t  a s  much as  

a 34% f requency o f  dream r e p o r t s  a f t e r  awakenings from NREM s le e p  and
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on ly  a 69% frequency  o f  dreaming in  response  t o  awakenings from REM 

s l e e p .  The d i sc re p an c y  between th e s e  s t u d i e s  has been a t t r i b u t e d  to  

the  f a c t  t h a t  t h e  c r i t e r i a  d e f i n i n g  dreaming were s e t  by the  s u b je c t s  

in  t h e  e a r l i e r  s tudy  and by th e  expe r im en te r  (as  any mental c o n te n t )  in  

the  l a t e r  s tudy  (Berge r ,  1969).  Molinar i  and Foulkes (1969) found t h a t  

dream r e p o r t s  r e s u l t i n g  from REM s l e e p  awakenings were b i z a r r e  and con­

t a i n e d  much senso ry  e x p e r i e n c e ,  whereas r e p o r t s  from NREM awakenings 

were o f  a more c o g n i t i v e  n a t u r e .  More r e c e n t l y ,  REM ve rsus  NREM menta­

t i o n  r e p o r t s  have been found to  be d i s t i n g u i s h a b l e  by b l in d  r a t e r s  based 

on amount o f  v i sua l  imagery, h a l l u c i n a t o r y  c o n te n t  and b i z a r r e n e s s  (Arkin ,  

An trobus,  El lman,  & F a r b e r ,  1978) .

REM s l e e p  has been found to  occur  in  a l l  mammals t e s t e d  (see Snyder,  

1969 f o r  r ev i e w ) ,  and in a more fragmented form in av ian  p r e d a t o r s  (K le in ,  

1963).  The e x i s t e n c e  o f  REM s l e e p  in  i t s  f u l l y  developed form in the  

opossum, an animal t h a t  i s  b e l i e v ed  to  resemble e a r l y  mammalian s p e c i e s  

more than  any p r e s e n t l y  s u rv i v i n g  mammal ( see  Snyder ,  1969), sugges t s  t h a t  

REM s l e e p  may in some way be a un ique ly  mammalian phenomenon.

The e x t e n t  t o  which s l e e p  i s  c o n s o l i d a t e d  over  the  day v a r i e s  among 

s p e c i e s .  The d a i l y  human s l e e p  c y c le  i s  b i p h a s i c ;  the  s l e e p  cyc le  o f  

many mammals, however, i s  po ly p h a s i c .  Sleep  in  the  r a t  i s  c h a r a c t e r i z e d  

by many o s c i l l a t i o n s  between slow-wave s l e e p  (SWS), REM s l e e p  and waking 

th roughou t  t h e  day. During SWS, a s low,  high ampli tude  EEG r e f l e c t s  syn­

chronous f i r i n g  o f  c o r t i c a l  u n i t s .  Behavioral  qu iescence  may o r  may no t  

be accompanied by a dec reased  muscle t onus .  During REM s le e p  and waking,  

desynchronous c o r t i c a l  neuronal  f i r i n g  i s  r e f l e c t e d  by low a m p l i tude ,  mixed 

f requency  EEG and r a p i d ,  c on juga te  eye movements. In a d d i t i o n ,  t h e t a
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waves o r i g i n a t i n g  from f i r i n g  of  hippocampal u n i t s  a r e  p r e s e n t  in  the  

EEG. However, dur ing  waking,  r a t s  d i s p l a y  high muscle tonus  whereas 

du r ing  REM s l e e p ,  muscle  a t o n i a  p r e v a i l s  th roughout  the  s t a t e  (Van 

Twyer, 1966) .  Weiss and Roldan (1964) r e p o r t  an average o f  108 REM 

pe r io d s  pe r  day wi th  an average  d u r a t i o n  o f  127 seconds pe r  ep isode  

in  t h e  r a t .

In humans, s l e e p  i s  c o n v e n t i o n a l l y  d iv ided  i n t o  f i v e  s t a g e s  

(Rech tschaf fen  & Kales ,  1968) .  Stage I ( a l s o  known as  descending Stage 

I)  oc curs  immediately upon the  absence o f  waking and i s  d e f ine d  in terms 

o f  the  absence  o f  a lpha  (8-12 Hz) waves and the  p resence  o f  s low,  r o l l i n g  

eye movements accompanied by behav io ra l  qu ie sc e nce .  Stage I I  i s  c h a ra c ­

t e r i z e d  by a s lower EEG and th e  appearance  o f  f a s t ,  monophasic sharp 

waves known as  K-complexes,  and b r i e f  b u r s t s  o f  r a p i d  f i r i n g ,  known as  

s p i n d l e s ,  in the  EEG. Stages  I I I  and IV a r e  c h a r a c t e r i z e d  by the  a ppe a r ­

ance o f  d e l t a  waves (1-2 Hz) in the  EEG, high t h r e s h o l d s  f o r  awakening 

and low muscle t o n u s ,  compared to  waking.  During Stage IV, d e l t a  waves 

occupy a l a r g e r  pe rcen tage  o f  the  EEG than du r in g  Stage I I I .  REM s l e e p  f

i s  c h a r a c t e r i z e d  by a mixed f re que nc y ,  low ampl i tude  wave o c c u r r in g  in 

t h e  EEG. C o n c u r re n t ly ,  low muscle t o n e ,  r a p id  eye movements and in males ,  

p e n i l e  e r e c t i o n ,  occu r .  During the  n i g h t ,  s l e e p  o n s e t  (Stage  I)  i s  

fol lowed by Stages I I ,  I I I ,  and IV, a f t e r  which th e  c y c le  ascends to  

Stage I I I ,  I I ,  and then REM s l e e p .  During subsequent  c y c l e s ,  Stage I i s  

o m i t t e d .  The c y c le  occurs  about  f i v e  t imes  pe r  n i g h t  and has a mean 

d u r a t i o n  o f  approx im ate ly  90 minutes  (Berger ,  1969) .  During the  f i r s t  

h a l f  o f  n i g h t ,  s l e e p  c y c l e s  a r e  l o n g e r  and more t ime i s  spen t  in Stages  

I I I  and IV, whi le  dur ing  th e  l a t t e r  p a r t  o f  t h e  n i g h t ,  t h e r e  i s  l i t t l e
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d e l t a  s l e e p  and a predominance o f  REM and Stage I I  (Webb, 1969) .  REM 

s l e e p  occup ie s  as  much as  48.8% o f  t o t a l  s l e e p  t ime in  newborn i n f a n t s  

(Roffwarg,  Muzio,& Dement, 1966) and de c re a s es  t o  about  32% by age two 

y e a r s  (Kohler ,  Coddington,  & Agnew, 1968) .  In a d u l t s ,  REM s le e p  com­

p r i s e s  approx im ate ly  23% o f  t o t a l  s l e e p  t ime (Webb, 1969) .

The n e u ro phys io log ic a l  and neurochemical mechanisms media t ing s l e e p  

have been i n v e s t i g a t e d  e x t e n s i v e l y .  Based on s t u d i e s  conducted on the  

c a t ,  J ouve t  (1967) has hypo thes ized  t h a t  s e r o t o n e r g i c  c e l l s  o f  the  

p o n t ine  raphe nu c le i  mediate  SWS and e x e r t  a pr iming in f l u e n c e  on REM 

s l e e p .  He has hypothes ized  t h a t  REM s l e e p  i s  media ted th rough  f i r i n g  o f  

a scend ing  n o r a d r e n e rg i c  c e l l s  in t h e  p o s t e r i o r  t w o - t h i r d s  o f  t h e  pon t in e  

locus  c o e ru l eu s  in  the  c a t  ( J o u v e t ,  1967) ,  and th e  r a t  ( J o u v e t ,  1974) ,  

and t h a t  t h e  muscle  a to n i a  a s s o c i a t e d  wi th  REM s l e e p  i s  mediated through  

a c t i v e  i n h i b i t i o n  by descend ing  p o s t e r i o r  n o r a d r e n e rg i c  locus  c oe ru leus  

u n i t s .  In s u ppo r t  o f  J o u v e t ' s  t h e o r y  a r e  r e p o r t s  t h a t :  1) p a ra c h lo r o -  

p h e ny la lan ine  (a drug known to  i n h i b i t  s y n t h e s i s  o f  s e r o t o n in  a t  the  

hydroxylase s t a g e )  and raphe  l e s i o n s  both r e s u l t  in  insomnia ( Jo u v e t ,

1967, 1969a);  2) locus  c o e ru l e u s  l e s i o n s  and 6-hydroxydopamine (a drug

known to  d e s t r o y  n o r a d r e n e rg i c  nerve  t e r m in a l s  through  up take)  i n j e c t i o n s  

both r e s u l t  in  s e l e c t i v e  a b o l i t i o n  o f  REM s l e e p  ( J o u v e t ,  1969b); and 

3)  s i n g l e  u n i t  s t u d i e s  r e p o r t  s e l e c t i v e  i n c r e a s e s  in  f i r i n g  r a t e s  o f  n o r a ­

d r e n e r g i c  locus  c o e ru l eu s  c e l l s  dur ing  REM s l e e p  (Chu & Bloom, 1973). 

C o n t r a d i c to r y  ev idence  in c lu d e s  r e p o r t s  t h a t :  1) locus  coe ru leus  l e s i o n s

do no t  r e s u l t  in t h e  a b o l i t i o n  o f  REM s l e e p ,  but  merely in  a decrement  

and r e d i s t r i b u t i o n  o f  p o n t o - g e n i c u l a t e  o c c i p i t a l  (P60) sp ik in g  t y p i c a l l y  

a s s o c i a t e d  wi th  the  occu r rence  o f  REM s le e p  in t h e  c a t  ( Jone s ,  Harpe r ,  &
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H a l a r i s ,  1977);  2) 6-hydroxydopamine l e s i o n s  do no t  a b o l i s h  muscle 

a t o n i a  du r in g  REM s le e p  ( see  Jones e t  a l_. , 1977);  3) a lpha -m e thy l - 

p a r a t y r o s i n e  (a drug known to  i n h i b i t  s y n t h e s i s  o f  no rep ineph r ine  a t  

t h e  hydroxylase s t a g e )  i n c r e a s e s  REM s le e p  ( J o u v e t ,  1973);  and 4)  s i n g l e  

u n i t  s t u d i e s  r e p o r t  decrements  in  f i r i n g  r a t e s  o f  raphe u n i t s  du r ing  

s low wave s l e e p  as  compared to  waking (McGinty, Harper ,  & Fa i rbanks ,

1973) and s e l e c t i v e  decrements  in  f i r i n g  r a t e s  o f  locus  c o e ru leus  u n i t s  

du r in g  REM s l e e p  (S iegal  & McGinty, 1976; Hobson, McCarley, & Wyzinski ,  

1975) .

An a l t e r n a t i v e  hypo thes i s  has been proposed,  s u g g e s t ing  t h a t  REM 

s l e e p  i s  mediated by c h o l i n e r g i c  c e l l s  in  the  a re a  o f  the  v e s t i b u l a r  

n u c le i  (Pompeiano, 1970) and p a r t i c u l a r l y  by th e  g i g a n t o c e l l u l a r  u n i t s  

in  t h e  tegmental  f i e l d s  (FTG) o f  the  pons, which a re  proposed to  be REM 

s l e e p  g e n e r a to r  c e l l s  (Hobson & McCarley, 1971) .  Evidence f o r  t h i s  hypo­

t h e s i s  based on s t u d i e s  conducted in  the  c a t ,  i n c lude  th e  f a c t s  t h a t  

1) f i r i n g  o f  v e s t i b u l a r  u n i t s  a r e  t e m p o r a r i l y  l in k e d  to  phas ic  even ts  

(such as  PGO sp ik e s )  (Pompeiano, 1970);  2) t h e  FTG neurons s e l e c t i v e l y  

i n c r e a s e  f i r i n g  r a t e s  du r ing  REM s l e e p  (Hobson & McCarley, 1971);  and 

3) f i r i n g  o f  locus  c o e ru l eu s  neurons which p robab ly  e x e r t  an i n h i b i t o r y  

i n f l u e n c e  p o s t s y n a p t i c a l l y  and which have been shown to  d e c rease  f i r i n g  

r a t e s  du r ing  REM s l e e p ,  occu rs  in  a r e c i p r o c a l l y  t imed sequence to  f i r i n g  

o f  FTG neurons (Hobson e t . i l - ’ 1975) .  R ecen t ly ,  McCarley, Nelson and 

Hobson (1978) have r e p o r t e d  on a group o f  do r sa l  b ra ins tem  c e l l s  in 

a p p o s i t i o n  to  t h e  brachium conjunc t ivum. They sugges t  t h a t  t h e s e  u n i t s  

f u n c t i o n  as  o u tp u t  g e n e r a t o r s  o f  PGO s p ik e s .  These c e l l s  f i r e  in  b u r s t s  

o f  two to  s i x  s p ike s  and show a high degree  o f  PGO wave coherence.  B u r s t s
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occur  12 msec, be fo re  the  o n s e t  o f  PGO waves. These i n v e s t i g a t i o n s  

sugges t  t h a t  the  e ven ts  l e a d in g  t o  PGO sp ike  g e n e ra t i o n  begin wi th  f i r i n g  

o f  FTG u n i t s  ( p o s s i b l y  as a r e s u l t  o f  d i s i n h i b i t i o n  by locus  c o e ru leus  

o r  raphe  neurons)  r e s u l t i n g  in  a c t i v a t i o n  ( p o s s i b l y  th rough  occulomotor  

o r  v e s t i b u l a r  n u c l e i )  o f  t h e  PGO b u r s t  neurons which i n t e g r a t e  informa­

t i o n  from o t h e r  pon t ine  systems and a c t  as  PGO ou tp u t  g e n e ra to r  neurons .

Siegal  and McGinty (1977) and Ver te s  (1977) have c r i t i c i z e d  the  

a s s e r t i o n  t h a t  FTG u n i t s  s e rve  as  REM s le e p  g e n e r a to r  neurons.  While 

Hobson and McCarley (1971) have demons tra ted t h a t  l a r g e  r a t e  i n c r e a s e s  

in  the  f i r i n g  o f  FTG u n i t s  a r e  l in k e d  to  the  occu r rence  o f  REM s l e e p ,  

Siegal  and McGinty sugges t  t h a t  t h i s  s e l e c t i v e  i n c r e a s e  in f i r i n g  r a t e  i s  

an a r t i f a c t  o f  Hobson and McCarley's  use o f  head r e s t r a i n t s  f o r  c a t s  

dur ing  r e c o rd ing  p e r i o d s .  They r e p o r t  t h a t  in c r e a s e d  f i r i n g  o f  FTG u n i t s  

i s  c l o s e l y  l in k e d  to  s p e c i f i c  head and neck movements. S p e c i f i c a l l y ,  

they  f i n d  t h a t  r a t e  o f  movement c o r r e l a t e s  wi th  u n i t  f i r i n g  r a t e .  Siegal  

and McGinty a s s e r t  t h a t  FTG u n i t  f i r i n g  dur ing  REM s l e e p  r e f l e c t s  f i r i n g  

o f  motor u n i t s  t h a t  a l s o  f i r e  dur ing  waking,  and propose t h a t  the  lack  o f  

s e l e c t i v e  REM-1 inked r a t e  i n c r e a s e s  in  f i r i n g  a rgues  a g a i n s t  the  no t ion  

t h a t  they  a r e  REM-generator neurons.

A. REM Sleep  and Behavior

1. Methodological  C o n s i d e r a t i o n s . The behav io ra l  s i g n i f i c a n c e  

o f  REM s l e e p  was i n v e s t i g a t e d  p r i m a r i l y  through s t u d i e s  t h a t  examined 

changes in behav io r  r e s u l t i n g  from REM s l e e p  d e p r i v a t i o n .  Since most 

animals  have po lyphas ic  s l e e p  c y c l e s ,  REM d e p r i v a t i o n  had t o  be admin is ­

t e r e d  e i t h e r  by c o n s o l i d a t i n g  the  s l e e p  c y c le  ( th rough  t o t a l  s l e e p  

d e p r i v a t i o n  f o r  p a r t  o f  t h e  day) and then employing s e l e c t i v e  REM d e p r i ­
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v a t i o n  t e c h n i q u e s ,  o r  through  REM-deprivation p rocedures  t h a t  were in 

e f f e c t  th roughou t  t h e  day. This  was accomplished e i t h e r  through th e  use 

o f  t h e  i n v e r t e d  f l o w e r - p o t  t echn ique  o r  through a d m i n i s t r a t i o n  o f  a drug 

t h a t  s e l e c t i v e l y  i n h i b i t s  REM s l e e p .  The in v e r t e d  f lo w e r - p o t  t echn ique  

e n t a i l s  p l a c i n g  th e  animals  on a small p l a t f o rm  surrounded by w a te r .

The p la t fo rm  used i s  l a r g e  enough to  pe rm i t  t h e  animal to  e x h i b i t  NREM 

s l e e p  but  small enough so t h a t  when the  muscle a to n i a  a s s o c i a t e d  wi th  REM 

s l e e p  o c c u r s ,  t h e  a n i m a l ' s  l o s s  o f  po s tu ra l  tonus causes  i t  t o  make con­

t a c t  wi th  the  w a te r  and to  be a u to m a t i c a l l y  awakened. Drugs t h a t  have 

commonly been used as  REM-deprivation a gen ts  a r e  imipramine ,  sodium 

p e n t o b a r b i t a l ,  and amphetamine.

Several  confounds a r e  in t roduced  through  the  use o f  any REM 

d e p r i v a t i o n  p roce du re ,  however, a more ba s ic  i s s u e  i s  the  que s t io n  of  

w he ther ,  in f a c t ,  t h e  animal i s  being REM-deprived, and whether  i t  i s  

being s e l e c t i v e l y  REM-deprived (as  opposed to  s l e e p - d e p r i v e d ) .  The 

degree  o f  REM d e p r i v a t i o n  and NREM d e p r i v a t i o n  can be measured d i r e c t l y  

i f  EEG and EMG a re  monitored th roughout  the  b a s e l i n e  and d e p r i v a t i o n  

c o n d i t i o n s ,  o r  i t  can be i n f e r r e d  from r ec o rd in g  du r ing  b a s e l i n e  and 

recove ry  by measuring the  degree o f  compensation f o r  each s l e e p  s t a t e .

U t i l i z a t i o n  o f  drugs f o r  REM d e p r i v a t i o n  r e q u i r e s  t h a t  

s a l i n e  c o n t r o l s  be employed. Amphetamine reduces  NREM s l e e p  l a t e n c y  

(Rech tschaf fen  & Maron, 1964 ) ,whi le  sodium p e n t o b a r b i t a l  enhances NREM 

s l e e p  and de c re a ses  s l e e p  l a t e n c y  (Baekeland,  1967) .  I t  i s  known t h a t  

t h e s e  drugs a f f e c t  a wide v a r i e t y  o f  b e h a v io r s ,  and t h e r e f o r e  t h e  use o f  

any p a r t i c u l a r  drug may be i n a p p r o p r i a t e ,  depending on the  behav io r  t o  

be examined in response  t o  REM d e p r i v a t i o n .

The p l a t fo rm  tec h n iq u e  i s  s t r e s s f u l  ( S t e r n ,  1969) and t h e r e -



8

f o r e  r e q u i r e s  c o n t r o l  p rocedures .  Even i f  a p e r f e c t  s t r e s s  con t ro l  

procedure  were employed, t h e  outcome could be t h e  r e s u l t  o f  an i n t e r ­

a c t i o n  between REM d e p r i v a t i o n  and s t r e s s .  S t r e s s  c o n t ro l  has been 

a t t em pted  th rough two methods:  1) co ld w a te r  s t r e s s  in  which animals  

a r e  placed in  cold w a te r  f o r  a b r i e f  (3 minutes  t o  2 hours)  t ime per iod  

once d a i l y  ( S t e r n ,  1971); and 2) l a r g e  p la t fo rm  c o n t r o l ,  in  which animals  

a r e  m ain ta ined  on p la t fo rm s  s i m i l a r  t o  those  used in  REM d e p r i v a t i o n  

(Duncan, Henry, Karadz ic ,  M i t c h e l l ,  P i v i k ,  Cohen, & Dement, 1968; 

Mendelsohn, G u th r i e ,  F r e d e r i c k ,  & Wyatt ,  1974; Mouret,  P u j o l ,  & Kiyuno, 

1969;  Morden, Conner,  M i t c h e l l ,  & Dement, 1968a);  t h e s e  p la t fo rm s  a re  

l a r g e  enough so t h a t  t h e  l o s s  o f  p o s tu r a l  tonus need not  r e s u l t  in  c o n ta c t  

wi th  the  sur round ing w a te r .  The problem wi th  t h e  cold  water  s t r e s s  i s  the  

degree  to  which i t  d i f f e r s  from th e  s t r e s s  o f  t h e  p la t fo rm  t r e a t m e n t ,  s inc e  

i t  i s  an a c u te  r a t h e r  than a ch ron ic  s t r e s s ,  and t h a t  i t  i n c r e a s e s  a c t i ­

v i t y  l e v e l s  wh i le  the  p l a t f o rm  techn ique  d e c re a s es  a c t i v i t y  l e v e l s .  The 

problem with t h e  l a r g e  p l a t f o rm  c o n t r o l  i s  t h a t  some REM d e p r i v a t i o n  

occurs  and f r e q u e n t l y  as  much as  50-80% REM d e p r i v a t i o n  has been rep o r ted  

( S t e r n ,  1971) .  In t h a t  c a s e ,  i t  i s  impor tan t  t h a t  s i g n i f i c a n t l y  d i f f e r e n t  

amounts o f  REM d e p r i v a t i o n  occur  in  REM d e p r i v a t i o n  and l a r g e  p la t fo rm  

c o n d i t i o n s ,  and behav io ra l  changes must be a s se s s e d  in  terms o f  the  

d i f f e r e n c e  in  the  magnitude o f  change over  b a s e l i n e  l e v e l .

In a s s e s s in g  behav io ra l  changes in  response  t o  REM d e p r i v a ­

t i o n ,  changes in  s e n s i t i v i t y  t o  e i t h e r  environmental  s t i m u l i ,  o r  to  

experimental  m an ipu la t ions  r e s u l t i n g  from the  REM d e p r i v a t i o n  t r e a tm e n t  

must be c o n s id e r e d .  Such change may r e s u l t  in  a change in  t h e  potency o f  

v a r i o u s  experimental  c o n d i t i o n s .  For example,  food d e p r i v a t i o n  o r  shock 

t r e a tm e n t  may be more o r  l e s s  p o t e n t  under c o n d i t i o n s  o f  REM d e p r i v a t i o n .
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Potency o f  s t im u lus  c o n d i t i o n s  can e x e r t  a confounding i n f l u e n c e  on 

performance.

A small group o f  s t u d i e s  has a t t empted  to  unders tand  the  

behav io ra l  s i g n i f i c a n c e  o f  REM s l e e p  by examining the  e f f e c t  o f  waking 

behav io r  on the  s l e e p  c y c l e .  The i m p l i c a t i o n  o f  t h i s  approach i s  t h a t ,  

in  a d d i t i o n  to  m a in ta in in g  some kind o f  phys ica l  m i l i e u  ( c o r t i c a l  t o n e ,  

chemical homes tasi s )  t o  f a c i l i t a t e  a p rocess  m edia t ing  behav io r  ( i . e .  

l e a r n i n g ,  memory, m o t i v a t i o n ) ,  t h e  REM s l e e p  mechanism e x e r t s  modulat ion 

by being in te r c h a n g e a b le  wi th  waking behav io r .  In t h e s e  s t u d i e s ,  i t  i s  

e s s e n t i a l  t h a t  c e r t a i n  methodological  c o n s i d e r a t i o n s  be made. In o rd e r  

t o  a s s e r t  t h a t  REM s l e e p  has been s e l e c t i v e l y  enhanced in response  to  

be hav io ra l  o r  environmental  e v e n t s ,  i t  i s  n e c es s a ry  t o  show t h a t  the  

i n c r e a s e  cannot  be accounted  f o r  by an i n c r e a s e  in SWS. I t  i s  known t h a t  

SWS l e v e l s  p r e d i c t  REM s l e e p  l e v e l s  in t h e  absence o f  o t h e r  m an ipu la t ions  

(Ferguson & Dement, 1967).  In a d d i t i o n ,  in o r d e r  t o  a s s e r t  t h a t  an aug­

men ta t ion  occurred  immediately subsequent  t o  t h e  experimental  m an ip u la t io n ,  

i t  i s  n e c es s a ry  t o  r ec o rd  f o r  a t  l e a s t  24 hours to  a s s e s s  whether  the  

e f f e c t  i s  t r u l y  an enhancement  o f  s l e e p  e f f e c t  o r  whether  i t  i s  merely 

a s h i f t  in the  c i r c a d i a n  c y c le  r e s u l t i n g  from the  experimenta l  manipula ­

t i o n .

In those  cases  where a s e l e c t i v e  supp res s ion  o f  REM s le e p  

o c c u r s ,  i t  i s  impor tan t  t o  r eco rd  f o r  an extended t ime pe r iod  to  de te rmine  

whether  the  REM t ime was compensated f o r .

2. Experimental  F i n d in g s . REM d e p r i v a t i o n  has been shown to  

r e s u l t  in  an inc re ase d  number o f  a t t e m p t s  t o  e n t e r  REM s l e e p ,  decreased  

REM s l e e p  l a t e n c y ,  and i n c r e a s e d  t ime sp e n t  in  REM s le e p  in  terms o f  abso­

l u t e  t im e ,  o r  as  a p e rcen tage  o f  t o t a l  s l e e p  t ime in  most mammals ( f o r
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r ev iew ,  see Snyder ,  1969) .

The hypo thes i s  t h a t  REM s le e p  i s  a t ime du r ing  which i n f o r ­

mation i s  c o n s o l i d a t e d  o r  s to r e d  has been i n v e s t i g a t e d  by Greenberg and 

Pearlman(1974) ,  F i shbe in  (1970,  1971 , 1974) ,  and Hartmann and Ste rn

(1972) .  Greenberg and Pearlman (1974) have hypothes ized  t h a t  REM s l e e p  

se rv e s  as  a pe r iod  du r in g  which unusual in fo rm a t ion  i s  s t o r e d  in  memory. 

They d i v id e  l e a r n in g  s i t u a t i o n s  i n t o  those  ne c es sa ry  f o r  the  a n im a l ' s  

su rv iv a l  and those  in  which a s s i m i l a t i o n  o f  new in fo rm a t ion  i s  ne c e s s a ry .  

The former a re  REM-independent,  while  the  l a t t e r  need to  be c o n s o l i d a t e d  

du r in g  REM s l e e p .  According t o  Greenberg and Pearlman,  i t  i s  c r u c i a l  

t h a t  the  REM s l e e p  occur  dur ing  the  two hours immediately subsequent  to  

t h e  l e a r n i n g  e x pe r ience  f o r  the  in fo rmat io n  to  be a v a i l a b l e  f o r  s t o r a g e .  

In a s e r i e s  o f  experiments  us ing  r a t s ,  t h ey  t e s t e d  f o r  r e t e n t i o n  o f  what 

th e y  b e l i e ved  to  be REM-independent and REM-dependent t a s k s  (Greenberg ,  

Pearlman,  F in g a r ,  Kan t rowitz ,  & Kawliche,  1970; Greenberg,  Pi H a r d ,  & 

Pearlman,  1972; Pearlman,  1973; Pearlman & Greenberg,  1973; Pearlman & 

Becker ,  1974, 1975) . In a l l  expe r im en t s ,  animals  were t r a i n e d ,  REM- 

dep r ived  dur ing  th e  two hours immediately fo l low ing  t r a i n i n g  (o r  t r e a t e d  

wi th  c o n t r o l  p r o c e d u r e s ) ,  and then t e s t e d  f o r  r e t e n t i o n .  The l e a r n i n g  

t a s k s  f o r  REM-independent behav io rs  inc luded  a l lowing  the  animals  t o  

e x p lo r e  a s imple cage with a n iche  (Pearlman, 1971) c o n ta i n in g  food ,  and 

e x t i n c t i o n  o f  an o p e ra n t  t a s k  (Pearlman,  1973) . REM d e p r i v a t i o n  d id  not  

i n t e r f e r e  wi th  a c q u i s i t i o n  o f  t h e s e  t a s k s .  L a t en t  e x t i n c t i o n  (Pearlman,  

1973) ,  c o o p e ra t iv e  l e a r n in g  (Pearlman & Becker ,  1975) ,  and l a t e n t  l e a r n ­

ing  (Pearlman & Becker ,  1974) were i n h i b i t e d  by REM d e p r i v a t i o n  a dm in is ­

t e r e d  du r in g  the  two hours immediately subsequent  t o  t r a i n i n g .  I f  REM
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d e p r i v a t i o n  procedures  were a dm in is t e re d  a f t e r  a two-hour  d e l a y ,  r e t e n ­

t i o n  was no t  i n t e r f e r e d  w i th .

Pearlman and Greenberg used a v a r i e t y  o f  REM d e p r i v a t i o n  

t echn iques  t o  demons tra te  t h e i r  e f f e c t s .  In one s tudy  (Pearlman & 

Greenberg, 1973) aimed a t  making a p o in t  o f  converging e v idence ,  they  

used t h r e e  methods o f  REM d e p r i v a t i o n :  1) sodium p e n t o b a r b i t a l ;  2) imi -  

pramine;  and 3) i n v e r t e d  f l o w e r - p o t  t e c h n iq u e .  They did n o t ,  however, 

use a p p r o p r i a t e  c o n t r o l s  f o r  any o f  t h e s e  m an ipu la t ions  ( s a l i n e ,  dose-  

dependent  e f f e c t s ,  l a r g e  p la t fo rm  c o n t r o l s ) .  In a d d i t i o n ,  po lygraphic  

r ec o rd in g s  were not  used to  v a l i d a t e  t h e  REM-deprivation m an ipu la t ion .

Fi shbe in  has a t t empted  t o  show t h a t  REM s l e e p  i s  neces sa ry  

f o r  the  c o n s o l i d a t i o n  o f  a memory t r a c e  from s h o r t -  t o  long- te rm  s to r a g e .  

In a s e r i e s  o f  fo u r  s t u d i e s  employing mice, he t e s t e d  r e t e n t i o n  a f t e r  

t r a i n i n g  o f  a p a s s iv e  avoidance t a s k  in  con ju n c t io n  wi th  REM d e p r i v a t i o n .  

He found t h a t  t h r e e  days o f  REM d e p r i v a t i o n  a d m in is t e re d  subsequent  to  

a o n e - t r i a l  pas s iv e  avo idance t r a i n i n g  s e s s i o n  d i s r u p t e d  r e t e n t i o n  i f  

s u b j e c t s  were t e s t e d  one hour ,  bu t  not  one day,  a f t e r  REM d e p r i v a t i o n  

( F i s h b e i n ,  1971) . In a second s tu d y ,  he u t i l i z e d  a s i m i l a r  paradigm, 

but  in  c on junc t ion  with a d m i n i s t r a t i o n  o f  ECS a t  va r ious  i n t e r v a l s  a f t e r  

t e r m in a t i o n  o f  REM d e p r i v a t i o n  ( F i s h b e i n ,  McGaugh, & Swarz, 1971) . He 

found t h a t  ECS a d m in is t e re d  immediately a f t e r  p a s s iv e  avoidance t r a i n i n g  

d i s r u p t e d  r e t e n t i o n  when mice were t e s t e d  one day l a t e r ,  however, i f  ECS 

was d e l i v e r e d  s i x  hours a f t e r  t e r m in a t i o n  o f  REM d e p r i v a t i o n ,  r e t e n t i o n  

was no t  a f f e c t e d .  F ishbein  s ugge s t s  t h a t  REM d e p r i v a t i o n  keeps t h e  mem­

ory  t r a c e  in  a l a b i l e  form,  thus  making i t  a v a i l a b l e  f o r  a b r i e f  pe r iod  

and d i s r u p t a b l e  by ECS.
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He conducted two s t u d i e s  u t i l i z i n g  a d i f f e r e n t  paradigm.

REM d e p r i v a t i o n  was a d m in i s t e re d  p r i o r  t o  p a s s iv e  avo idance t r a i n i n g  

and r e t e n t i o n  was t e s t e d  up to  one hour  o r  one t o  seven days subsequent  

t o  t r a i n i n g  ( F i s h b e i n ,  1970) . Re ten t ion  t e s t e d  more than  one hour sub­

sequen t  t o  t r a i n i n g  was i n t e r e f e r e d  wi th  f o l low ing  REM d e p r i v a t i o n .  

F i shbe in  sugges t s  t h a t  REM d e p r i v a t i o n  l ea d s  t o  a s t a t e  in  which con­

s o l i d a t i o n  to  long-t e rm  memory i s  no t  p o s s i b l e .  In a s i m i l a r  s tudy  

(Linden,  Bern,  & F i s h b e i n ,  1975) ,  he combines t h i s  paradigm wi th  ECS 

a d m i n i s t r a t i o n  d e l i v e r e d  a t  va r ious  t ime a f t e r  p a s s iv e  avoidance t r a i n i n g .  

ECS d e l i v e r e d  t h r e e  hours  a f t e r  pa s s iv e  avoidance  t r a i n i n g  (o r  longe r )  

does not  r e s u l t  in  impaired r e t e n t i o n .  Again,  in a REM-deprived an im al ,  

t h i s  memory t r a c e  cannot  be f i x e d  in lo ng- te rm  s to r a g e  and remains in  a 

l a b i l e  form.

Thus, in one s e r i e s  o f  experiments  in  which mice were t r a i n e d  

and then REM d e p r iv e d ,  F i shbe in  found t h a t  performance a s se s s e d  s h o r t l y  

a f t e r  REM d e p r i v a t i o n  was d i s r u p t e d .  In a second s e r i e s ,  in which REM 

d e p r i v a t i o n  preceded t r a i n i n g ,  performance was i n t a c t  f o r  as long as  s ix  

hours  a f t e r  t r a i n i n g .  As noted  by El lman, Sp ielman,  Luck, S t e i n e r ,  and 

Ha lper in  (1978) ,  from t h e  s t a n d p o i n t  o f  a memory-consol ida t ion  hypo thes i s  

t h e s e  s t u d i e s  y i e l d  c o n t r a d i c t o r y  r e s u l t s .  I f  REM d e p r i v a t i o n  produces 

a ( chemica l)  m i l i e u  t h a t  i n t e r f e r e s  with c o n s o l i d a t i o n  i n t o  long- te rm  

s t o r a g e ,  then  animals  should be in i d e n t i c a l  s t a t e s  a f t e r  REM d e p r i v a t i o n  

and p a s s iv e  avoidance  t r a i n i n g  r e g a r d l e s s  o f  which occurred  f i r s t .  In 

t h e  f i r s t  s e r i e s  o f  e x p e r im e n t s ,  t h e  animals  seemed to  have ac ce s s  t o  t h e  

l a b i l e  memory t r a c e ,  w h i le  in  t h e  l a t t e r ,  t h ey  d id  n o t .  Ellman and co­

workers (1978) sugges t  t h a t  t h i s  can be e x p la in ed  by th e  f a c t  t h a t  t h e  

animals  a lways performed b e s t  when t e s t e d  in  t h e  same c o n d i t io n  as t h a t
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in  which they  were t r a i n e d  ( s t a t e - d e p e n d e n t  e f f e c t s ) .  No s t r e s s  con­

t r o l  groups were used in  t h e s e  s t u d i e s .

S t e rn  (1971) and Hartmann and S te rn  (1972) have shown t h a t  

REM d e p r i v a t i o n  i n t e r f e r e s  wi th  a c q u i s i t i o n  and r e t e n t i o n  o f  both a c t i v e  

and p a s s i v e  avo idance t a s k s .  They compare animals  t h a t  were REM deprived  

th rough  use o f  the  i n v e r t e d  f lo w e r - p o t  t ec hn ique  to  animals  mainta ined  

in  t h e i r  home cages .  While they  found no d i f f e r e n c e s  between REM- 

dep r ived  an imals  and l a r g e  p la t fo rm  c o n t r o l s ,  t hey  a t t r i b u t e  t h i s  t o  t h e  

f a c t  t h a t  l a r g e  p la t fo rm  t r e a tm e n t  r e s u l t s  in 50% REM d e p r i v a t i o n .  None­

t h e l e s s ,  i f  s i g n i f i c a n t  d i f f e r e n c e s  in  REM d e p r i v a t i o n  a r e  a d m in i s t e r e d ,  

d i f f e r e n c e s  in performance would be p r e d i c t e d  i f  REM d e p r i v a t i o n ,  and not  

s t r e s s ,  were t h e  c r u c i a l  v a r i a b l e .

Several  s t u d i e s  have found t h a t  REM d e p r i v a t i o n  i s  i n e f f e c ­

t i v e  i n  d i s r u p t i n g  a c q u i s i t i o n  o r  r e t e n t i o n  o f  va r ious  t a s k s .  Joy and 

Pr inz  (1969) found t h a t  r e t e n t i o n  o f  a p o l e - c l im b ing  t a s k  was d i s r u p t e d  

on ly  when animals  were t e s t e d  in environmental  c o n d i t i o n s  d i f f e r e n t  than  

th o se  used during  t r a i n i n g  ( s t a t e - d e p e n d e n t  e f f e c t s ) .  A l b e r t ,  C i c a l a ,  

and Siegal  (1970) found t h a t  REM d e p r i v a t i o n  d id  not  a f f e c t  r e t e n t i o n  o f  

a s h u t t l e - b o x  avo idance t a s k ,  but  t h a t  a c t i v i t y  l e v e l s  were inc re ase d  

in  r esponse  t o  REM d e p r i v a t i o n .  Holdstock and Verschoor (1973) found t h a t  

r e t e n t i o n  o f  a p o s i t i o n  response  in  a T-maze t a s k  was no t  a f f e c t e d  by 

REM d e p r i v a t i o n .  In a l l  t a s k s  in  which REM d e p r i v a t i o n  was no t  e f f e c t i v e  

in  d i s r u p t i n g  r e t e n t i o n  o r  a c q u i s i t i o n ,  s imple t a s k s  were used and t h e r e ­

f o r e ,  c o l l e c t i v e l y ,  t h e s e  s t u d i e s  lend s u ppo r t  t o  Pearlman and Greenberg 's  

h y p o t h e s i s .  T he i r  f i n d i n g s ,  however, have no t  n e c e s s a r i l y  been demons tra ted  

t o  r e f l e c t  d i s r u p t i o n  o f  a c o n s o l i d a t i o n  mechanism. I t  may be the  case 

t h a t  a procedure such as  REM d e p r i v a t i o n  c r e a t e s  a p e r tu rbance  t h a t  d i s -
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r u p t s  some o t h e r  mechanism de te rm in in g  perfo rmance.  Thus,  Pearlman 

and Greenberg ' s  hypo thes i s  d i s t i n g u i s h i n g  between unprepared and p r e ­

pared l e a r n i n g  remains a v i a b l e ,  a l though  no t  c o n c l u s i v e ,  p o s i t i o n .

A s e r i e s  o f  s t u d i e s  in  r a t s  and mice have r e p o r t e d  an 

augmentat ion o f  REM s le e p  fo l lowing  c o n d i t i o n i n g  o f  foo tshock  avoidance .  

Lucero(1970) ,  Hennevin,  Leconte ,  and Bloch (1971) ,  Leconte and Hennevin

(1973) ,  Lecon te ,  Hennevin,  and Bloch (1973) ,  and Smith,  Kitahama, and 

Valatx  (1972) a l l  found in c r e a s e d  REM s le e p  in  the  t h r e e  hours immediate­

l y  fo l low ing  c o n d i t io n in g  compared to  yoked c o n t r o l s .  The REM s leep  

augmentat ion appeared w i thou t  concomi tan t  i n c r e a s e s  in  SWS o r  s le e p  

l a t e n c y .  Hennevin and c o -a u th o r s  (1971) r e p o r t  t h a t  t h e  i n c r e a s e  i s  

accounted f o r  by inc re ase d  d u r a t i o n  o f  REM pe r io d s  whi le  Smith and co ­

workers  (1972) and Lecon te ,  Hennevin,  and Bloch (1973) r e p o r t  t h a t  the  

number o f  REM p e r i o d s ,  r a t h e r  than the  d u r a t i o n  o f  each e p i s o d e ,  accounts  

f o r  the  augmentat ion e f f e c t .  When t r a i n i n g  s e s s i o n s  a r e  d i s t r i b u t e d ,  the  

i n c r e a s e  in REM s le e p  peaks a t  about  the  t h i r d  hour o f  t r a i n i n g  (Hennevin 

e t  a l_. , 1971; Smith e t  a l_. , 1972; and Leconte  et^ a l_. , 1973) and REM l e v e l s  

r e t u r n  t o  b a s e l i n e  when the  cumula t ive  l e a r n i n g  curve  assymptotes  

(Leconte e t  a l_. , 1973) .  In t hese  s t u d i e s ,  po lyg raph ic  d a ta  were recorded 

f o r  t h e  t h r e e  t o  f i v e - h o u r  p e r io d  subsequent  t o  t r a i n i n g  each day. Thus, 

one cannot  r u l e  out  t h e  p o s s i b i l i t y  t h a t  t h e s e  e f f e c t s  a r e  due t o  s h i f t s  

in t h e  c i r c a d i a n  rhythm o f  t h e  s l e e p  c y c l e .

F i s h b e in ,  K a s t a n io to s ,  and Chattman (1974) ,  us ing a con­

d i t i o n e d  avoidance t a s k  in  mice,  r e p o r t e d  a l ong - te rm  augmentat ion in  REM 

s l e e p  t h a t  occurred  between s ix  and 24 hours  a f t e r  c o n d i t i o n i n g  t r i a l s .  

Unlike t h e  i n v e s t i g a t o r s  p r e v i o u s ly  d i s c u s s e d ,  t h i s  s tudy  did no t  r e p o r t  

REM i n c r e a s e s  in  the  few hours  subsequent  t o  t r a i n i n g .  This d i sc r e panc y
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cannot  be accounted f o r  by s p e c i e s  d i f f e r e n c e s  s in c e  Smith and co-workers  

(1972) and F i shbe in  both employed mice as  s u b j e c t s .  Fur thermore,  t h e  t a s k  

t h a t  F i shbe in  u t i l i z e d  has been used by o t h e r  i n v e s t i g a t o r s .  There i s  

some q u e s t io n  as  t o  whether  r e s u l t  o f  F i s h b e i n ' s  experiment  was s e l e c t i v e  

REM augmentat ion.  The animals  in  the  experimenta l  group e x h ib i t e d  SWS 

l e v e l s  t h a t  were h ig h e r  than th o se  e x h i b i t e d  by c o n t r o l  mice.  F ishbein 

no tes  t h a t  t h i s  d i f f e r e n c e  does not  reach  s i g n i f i c a n c e .  None the le ss ,  

experimental  s u b je c t s  had a 24% i n c r e a s e  in  SWS,while c o n t r o l  s u b je c t s  

had on ly  a 10% i n c r e a s e .  A more a p p r o p r i a t e  c o n t ro l  would comprise  a 

group o f  s u b j e c t s  wi th  more comparable SWS l e v e l s .  Fur thermore ,  when each 

group i s  compared to  i t s  own p r e - t r a i n i n g  s l e e p  l e v e l ,  SWS occup ies  89% o f  

t o t a l  s l e e p  t ime in  both experimental  and yoked con t ro l  groups p r e -  and 

p o s t - t r a i n i n g .

REM d e p r i v a t i o n  has been shown to lower t h r e s h o l d s  f o r  e l e c -  

t ro c o n v u l s i v e  shock (ECS) in t h e  r a t  (Cohen & Dement, 1965; Owen & B l i s s ,  

1970) ,  the  c a t  (Cohen, Duncan, & Dement, 1967; Cohen, Thomas, & Dement,

1970) ,  and in the  mouse (Handwerker & F i s h b e i n ,  1975; Hartman, Marcus, & 

L e i n o f f ,  1968; Cohen & Dement, 1968).  In a d d i t i o n ,  r a t s  t r e a t e d  wi th  ECS 

e x h i b i t  dec reased  l e v e l s  o f  REM s l e e p ,  and REM-deprived r a t s  t r e a t e d  with 

ECS e x h i b i t  dec reased  REM rebound (K a e lb l in g ,  Koski ,  & Har twig,  1968) .

Although po lygraph ic  d a ta  i s  l ac k in g  in  t h e s e  s t u d i e s ,  and in  some a p p r o p r i a t e  

c o n t r o l s  were not  u sed ,  the  c o n s i s t e n c y  o f  the  r e s u l t s  among the  s t u d i e s  

compels one to  conc lude the  v a l i d i t y  o f  t h e  r e s u l t s .  Ellman e t  al_. (1978 

have sugges ted  t h a t  i n c r e a s e d  neural  e x c i b i l i t y  can account  f o r  t h e  combined 

e f f e c t  o f  ECS and REM d e p r i v a t i o n  on the  d i s r u p t i o n  o f  performance t h a t  

i s  observed  in F i s h b e i n ' s  s t u d i e s  and o f f e r  t h i s  e x p la n a t io n  as  an a l t e r ­

n a t i v e  t o  the  memory-consol idat ion  hy p o th es i s .
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I t  has been hypo thes ized  t h a t  REM s le e p  i s  a pe r iod  du ring 

which excess  "d r ive"  energy  i s  d i s s i p a t e d  and t h a t  REM s l e e p  i s  a 

behav io ra l  m a n i f e s t a t i o n  o f  d r i v e  energy  (Dement, 1969).  According 

to  t h i s  h y p o t h e s i s ,  REM d e p r i v a t i o n  should r e s u l t  in  in c r e a s e d  waking 

d r iv e  be ha v io r .  Dement hypothes ized  t h a t  REM s l e e p  se rves  as  a " s a f e ty  

va lve"  f o r  excess  d r iv e  energy held  in  r e s e r v e  f o r  use during en v i ro n ­

m e n ta l l y  c h a l l e n g i n g  s i t u a t i o n s .  He r e f e r s  to  f i n d i n g s  t h a t  REM-deprived 

c a t s  d i sp l a y e d  an enhancement o f  d r iv e  behav io r s  i n c lu d in g  h y p e r a c t i v i t y ,  

hyperphag ia ,  h y p e r d i p s i a ,  and h y p e r s e x u a l i t y  (Dement, 1965, 1969) . These 

f i n d i n g s  were no t  pub l ished  and have not  been r e p l i c a t e d .  In l i g h t  o f  

the  p o p u l a r i t y  o f  t h i s  t h e o r y ,  r e l a t i v e l y  few s t u d i e s  have i n v e s t i g a t e d  

the  r e l a t i o n s h i p  between REM s l e e p  and waking m otiva ted  behav io r s .

S tu d ie s  examining the  r e l a t i o n s h i p  between REM s le e p  and 

feed ing  inc lude  a r e f e r e n c e  (but  not  a r e p o r t )  by Dement (1965) to  the  

f in d i n g  t h a t  c a t s  e x h i b i t e d  in c re as e d  l e v e r - p r e s s i n g  f o r  food i f  REM- 

deprived  on ly  when they  were t r e a t e d  under  c o n d i t i o n s  o f  food d e p r i v a t i o n .  

In a d d i t i o n ,  Siegal  (1975) found t h a t  REM pe rc e n t  o f  t o t a l  s l e e p  t ime on 

a given day was n e g a t i v e l y  c o r r e l a t e d  wi th  food in ta k e  on the  fo l lowing  

day.  Food i n t a k e ,  however, f o r  a given day d id  not  p r e d i c t  subsequent  

REM l e v e l s .  I n t e r e s t i n g l y ,  in  S i e g a l ' s  s tu d y ,  one c a t  d i sp l a y e d  a s i g ­

n i f i c a n t  p o s i t i v e  c o r r e l a t i o n .  These f i n d i n g s  a re  im por ta n t ;  however, 

in  c o n te x t  w i th  the  d e a r t h  o f  i n v e s t i g a t i o n s  in  t h i s  a r e a ,  i t  i s  d i f f i c u l t  

to  hypo thes ize  t h e  mechanism media t ing  the  r e l a t i o n s h i p  between REM s l e e p  

and f ee d ing .  For example,  f ee d ing  a l t e r a t i o n s  may have been a r e s u l t  o f  

in c r e a s e d  a c t i v i t y  l e v e l s ,  i n c r e a s e d  hunger ,  o r  a t t e n t i o n a l  a l t e r a t i o n s .

Four s t u d i e s  r e p o r t  a r e l a t i o n s h i p  between REM s l e e p  and 

a g g re s s iv e  behav io r .  Morden and co-workers  (1968a) found t h a t  t h r e s h -
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o lds  f o r  f o o t - s h o ck - in d u ce d  f i g h t i n g  were lowered in  r a t s  in  r esponse  

t o  d e p r i v a t i o n  (as  compared t o  l a r g e - p l a t f o r m  c o n t r o l s ) .  During r e ­

covery c o n d i t i o n s ,  however, t h r e s h o l d s  d id  not  r e t u r n  t o  b a s e l i n e  l e v e l s .  

Sloan (1972) found t h a t  a g g r e s s io n ,  as  measured by the  Kle in-Hal l  r a t

a g g re s s io n  s c a l e ,  in c r e a s e d  in  response  t o  REM d e p r i v a t i o n .  Putkonen 

and Putkonen (1971) found t h a t  e l i c i t a t i o n  o f  t h e  hypothalamic rage 

response  through e l e c t r i c a l  s t i m u l a t i o n  o f  t h e  medial f o r e b r a i n  bundle  

r e s u l t e d  in  decrements  in  REM s l e e p .  In REM-deprived c a t s ,  t h e  same 

t r e a tm e n t  r e s u l t s  in  decrements in  REM rebound. The REM supp res s ion  was 

evidenced by dec reased  REM pe rc e n t  o f  t o t a l  s l e e p  t im e ,  and in c re as e d  

l a t e n c y  to  REM s l e e p .  ( In c rea s e d  REM l a t e n c y  was a s s o c i a t e d  wi th  

enhanced SWS r a t h e r  than  changes in  waking t i m e . )  These i n v e s t i g a t o r s  

r ecorded  f o r  15 hours  and 24 hours subsequent  t o  e l i c i t a t i o n  o f  t h e  rage  

response  in normal and REM-deprived r a t s  r e s p e c t i v e l y .  T h e r e f o r e ,  i t  i s  

d i f f i c u l t  to  a s s e s s  whether  REM s l e e p  was de layed  o r  compensated f o r  by 

the  s t i m u l a t i o n  t r e a t m e n t .  Ferguson and Dement (1969) found t h a t  amphet­

amine t r e a tm e n t  combined wi th  REM d e p r i v a t i o n  r e s u l t e d  in  a s i g n i f i c a n t  

enhancement o f  a g g re s s iv e  behav io r  as  measured by t ime sp e n t  in  s t e r e o ­

ty p i c  f i g h t i n g  be ha v io r .  Experimental animals  were compared t o  c o n t r o l s  

t r e a t e d  wi th  amphetamine and l a r g e - p l a t f o r m  c o n d i t i o n s ,  and amphetamine 

and dry envi ronments .  The a u th o r s  sugges t  t h a t  amphetamine and REM dep­

r i v a t i o n  may e x e r t  p a r a l l e l  e f f e c t s ,  and t h a t  t h e i r  combined e f f e c t s  may 

be e i t h e r  a d d i t i v e  o r  s y n e r g i s t i c .

Ferguson and Dement (1969) a l s o  r e p o r t  i n c r e a s e d  mounting 

and i n a p p r o p r i a t e  sexual behav io r  in response  t o  REM d e p r i v a t i o n  in  com­

b i n a t i o n  wi th  amphetamine t r e a t m e n t .  In female r a t s ,  vagina l  smears were 

ana lyzed and no changes were observed.  Morden, M u l l i n s ,  Levine,  Cohen,
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and Dement (1968b) r e p o r t e d  in an a b s t r a c t  t h a t  REM d e p r i v a t i o n  in  

r a t s  r e s u l t e d  in  an i n c r e a s e  in  c o p u la to ry  b e h a v io r ;  however, t h i s  s tudy  

has no t  been pub l ished  e l sewhere .

S t e i n e r  and Ellman (1972) ,  in  a s tudy  t h a t  u t i l i z e d  l a r g e -  

p l a t fo rm  c o n t r o l s  and po lygraph ic  mon ito r ing  th roughou t  a l l  c o n d i t i o n s ,  

found t h a t  REM d e p r i v a t i o n  lowered t h r e s h o l d s  and i n c r e a s e d  l e v e r - p r e s s i n g  

r a t e s  f o r  i n t r a c r a n i a l  s e l f - s t i m u l a t i o n  (ICSS) d e l i v e r e d  t o  the  l a t e r a l  

hypothalamus in r a t s .  In a d d i t i o n ,  REM-deprived r a t s  a dm in is t e re d  two 

hours  o f  ICSS d a i l y  d i sp la ye d  a s i g n i f i c a n t l y  lower REM rebound than  

c o n t r o l s .  These f i n d i n g s  have been r e p l i c a t e d  by Cohen, Edelman, and 

Bowen (1972) .  In a l a t e r  experiment  from the  same l a b o r a t o r y  (Spielman,  

El lman,  H a lp e r in ,  Davis ,  Schwartz ,  Marks, H a lp e r in ,  & S t e i n e r ,  1974) 

i t  was found t h a t  hypothalamic ICSS ad m in i s t e re d  f o r  two hours  d a i l y ,  

i n c r e a s e d  l a t e n c y  to  REM s l e e p ,  but  n e i t h e r  a l t e r e d  d a i l y  l e v e l s  o f  REM 

nor  r e s u l t e d  in REM rebound.  In a fo l low-up  expe r im en t ,  they  found t h a t  

i f  s t i m u l a t i o n  was d e l i v e r e d  f o r  two hours every  s i x  hours ( i . e . ,  f ou r  

e q u a l ly - s p a c e d  two-hour  s e s s i o n s  d a i l y ) ,  REM l a t e n c y  was i n c r e a s e d  and 

o v e r a l l  d a i l y  REM l e v e l s  were lowered by 19%. This  t r e a tm e n t  r e s u l t e d  

in  a 50% REM rebound.  In a d d i t i o n ,  t h e s e  a u th o r s  have found a s i g ­

n i f i c a n t  c o r r e l a t i o n  ( r  = + .4 )  between REM p e r c e n t  o f  t o t a l  s l e e p  time 

and r a t e  o f  ICSS dur in g  th e  fo l low ing  s t i m u l a t i o n  s e s s i o n .  There were 

no s i g n i f i c a n t  c o r r e l a t i o n s  between waking o r  SWS and ICSS r a t e .  The 

same a u th o r s  i n v e s t i g a t e d  the  e f f e c t s  o f  ICSS e l i c i t e d  from b i l a t e r a l  

l ocus  c o e ru l eu s  b r a i n  s i t e s  on the  normal s l e e p  c y c le  in  r a t s .  They found 

a 16% r e d u c t io n  in  REM s l e e p  and a 30% REM rebound.  Ellman and co-workers  

(1978) have hypothes ized  t h a t  a reward system t h a t  can be mapped by ICSS 

s i t e s  i s  p a r t  o f  the  neural  system t h a t  i s  a c t i v a t e d  du r in g  REM s l e e p .
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This  system d i s c h a r g e s  in  con ju n c t io n  wi th  c e r t a i n  waking behav io rs  

( in  a s s o c i a t i o n  wi th  rewarding e x p e r i e n c e s )  as  w e l l .

3 .  T h e o r i e s . Diverse  t h e o r i e s  as  t o  the  behav io ra l  s i g n i f i c a n c e

o f  REM s le e p  served  as the  bases  f o r  t h e  experiments  d e s c r ib ed  above.

Many o f  t h e s e  t h e o r i e s  have been d i r e c t e d  towards e x p la i n in g  a few com­

p e l l i n g  f e a t u r e s  c h a r a c t e r i z i n g  th e  REM s le e p  s t a t e .  P h y s i o lo g o c i c a l ly ,  

t h e  p a ra dox ica l  n a t u r e  o f  REM s l e e p  ( c e n t r a l  neura l  a c t i v a t i o n  and p e r i p h e r a l  

d e a c t i v a t i o n )  i s  un ique.  In a d d i t i o n ,  t h e  r e l a t i o n s h i p  o f  t h i s  phys io ­

l o g i c a l  s t a t e  to  the  psycho lo g ica l  dream s t a t e  (Dement, 1965) seemed to  

hold answers  t o  q u e s t i o n s  r a i s e d  by p syc h o an a ly t i c  t h eo ry  r ega rd ing  the  

r e l a t i o n s h i p s  o f  the  dream to  waking behav io r  (Freud,  1969) .  Other  com­

p e l l i n g  phenomena inc lu d e  th e  f a c t  t h a t  organisms e x h i b i t  a " s to r e d  need" 

f o r  REM s l e e p  as  r e f l e c t e d  by REM rebound (Dement, I960;  Berger ,  1969) ,  

the  phy logene t ic  a s s o c i a t i o n  o f  REM s l e e p  to  mammals (Snyder ,  1969) ,  and 

th e  f a c t  t h a t  neonates  e x h i b i t  e l e v a t e d  REM s l e e p  l e v e l s  (Roffwarg e t  a l . ,

1966) .  Fol lowing a r e  summaries o f  t h e o r i e s  t h a t  a t t empted  to  e x p la i n  the

behav io ra l  fu n c t i o n  o f  REM s l e e p .

Drive Theory . Based on the  f a c t s  t h a t :  1) organisms e x h i b i t

a " s t o r e d  need" f o r  REM s l e e p ;  and 2) dreaming appear s  t o  have a s t rong  

a s s o c i a t i o n  wi th  t h e  REM s l e e p  s t a t e ,  Dement (1969) has hypothes ized  t h a t  

REM s l e e p  i s  a m a n i f e s t a t i o n  o f  excess  d r iv e  energy .  He reasons  t h a t  the  

a c t i v a t i o n  o f  pre-programmed behav io rs  o rgan iz ed  a t  t h e  l e v e l  o f  the  b r a i n ­

stem may be dete rmined by an energy  system t h a t  must be a b le  t o  respond 

t o  environmental  c h a l l e n g e .  In o r d e r  t o  f u n c t i o n  as a d r i v e  system, i t  

might have to  e n e rg i ze  behav io r  a t  a l ev e l  beyond the  c a p a c i ty  a f f o r d e d  

by i t s  basal  m etabo l i c  r a t e ,  and i t  would t h e r e f o r e  need s to r a g e  c a p a c i t y .

In a d d i t i o n ,  organisms should be a b le  t o  emit  t h e s e  behav io rs  s t r a t e g i c a l l y
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and t h e r e f o r e  must be a b l e  t o  suppress  d r i v e  a p p r o p r i a t e l y .  A system 

t h a t  accumula tes  energy wi thou t  leakage  would need a s a f e t y  va lve  p r o ­

c e s s .  Since REM s l e e p  i s  a t ime dur ing  which e x t e n s i v e  neural  a c t i v i t y  

can occu r  w i thou t  behav io ra l  consequence,  i t  could s e rve  as an approp­

r i a t e  t ime to  d i s s i p a t e  excess  d r i v e  energy  s t o r e s .  This  i s  the  fu n c t i o n  

he a s c r i b e s  t o  REM s l e e p .

I t  fo l lows  from t h i s  no t ion  t h a t  when animals  a r e  depr ived 

o f  REM s l e e p ,  s t o r e d  d r iv e  energy  l e v e l s  should be e l e v a t e d  and t h a t ,  

c o n v e r s e ly ,  i f  t he  animal were t o  u t i l i z e  a g r e a t  deal o f  t h i s  energy 

du r ing  waking, t h e  system could be t e m p o r a r i l y  d e p l e t e d .  I f  i t  i s  assumed 

t h a t  under  c o n d i t i o n s  o f  e l e v a t e d  (o r  unsafe )  s to r a g e  l e v e l s  the  d r iv e  

system would d i s s i p a t e  dur ing waking, then one would p r e d i c t  a lowering 

o f  t h r e s h o l d s  f o r  d r iv e  behav io rs  in response  t o  REM d e p r i v a t i o n .  In 

a d d i t i o n ,  a f t e r  a behav io ral  ep isode  in which t h i s  system were d e p l e t e d ,

REM s l e e p  o n se t  might be de layed .  As d e sc r ibed  above ,  s t u d i e s  r e p o r t i n g  

a r e l a t i o n s h i p  between a g g re s s iv e  behav io r  and REM s l e e p  in r a t s  (Ferguson 

& Dement, 1969; Morden e t  al_., 1968a; Putkonen & Putkonen,  1971) suppo r t  

t h i s  h y p o th e s i s .  That REM d e p r i v a t i o n  o f  endogenous d e p re s s iv e s  r e s u l t s  

in  a l l e v i a t i o n  o f  symptoms (Vogel,  Traub, & Ben-Horin,  1968) lends  

a d d i t i o n a l  suppo r t  t o  t h i s  n o t io n .  A n o n - s p e c i f i c  d r i v e  h y p o t h e s i s ,  how­

e v e r ,  i s  not  support ed by the  n e g a t iv e  r e s u l t s  in  s t u d i e s  ( excep t  S i e g a l ,  

1975) t h a t  i n v e s t i g a t e d  changes in  feed ing  and sexual  behav io r  in  response  

t o  REM d e p r i v a t i o n .  In a d d i t i o n ,  the  f i n d i n g s  o f  Pearlman (1973) ,  Pearlman 

& Becker (1974, 1975) ,  Greenberg and c o -a u th o r s  (1970, 1972, 1974) which 

f a i l  t o  f i n d  an enhancement o f  behav io r  f o r  s imple t a s k s ,  p rovide  c o n t r a ­

d i c t o r y  ev idence  f o r  the  d r iv e  hy p o th es i s .

Se n t in e l  Theory. Based on th e  f a c t s  t h a t :  1) REW s l e e p  i s
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mediated by pon t ine  b r a i n  mechanisms t h a t  e x i s t e d  e a r l y  in  phylogene­

t i c  h i s t o r y ;  2) a l though  fragmented a s p e c t s  o f  REM s le e p  have been 

r e p o r t e d  i n  l i z a r d s  (Tauber ,  Roffwarg,  & Weitzman, 1966) and b i rd s  

(K le in ,  1963) ,  REM s l e e p  in  i t s  f u l l y  developed s t a t e  appears  only 

in  mammals; 3) REM s l e e p  occurs  in  a l l  mammals (Snyder ,  1969); and 4) 

ev idence  sugge s t s  t h a t  a t  t h e  beginning  o f  mammalian phylogeny REM s l e e p  

was a l r e a d y  f u l l y  developed (Snyder ,  1969) ,  Snyder (1969) has hypothes ized  

t h a t  the  occurrence  o f  REM s leep  served  as  an a d a p ta t i o n  c r u c i a l  t o  the  

su rv iv a l  o f  e a r l y  mammals. Snyder has suggested t h a t  in c re as e d  amounts 

o f  s l e e p  du r in g  th e  t ime when small mammals e x i s t e d  c o n c u r r e n t l y  with 

l a r g e ,  f e r o c io u s  r e p t i l e s  would have a ided s u rv iva l  by keeping the  o r ­

ganism u nob t ru s ive  and by lowering h i s  n u t r i t i o n a l  r equ i r em e n ts .  In 

a d d i t i o n ,  pe r iods  o f  a rousa l  in which th e  animal could respond to  an 

impending environmental  danger  would permit  t h e  s a fe  occur rence  o f  more 

s l e e p .  In the  oppossum, almost  every  REM pe r iod  i s  followed by an 

a rousa l  be fo re  the  resumption o f  s l e e p .  (Ves t iges  o f  t h i s  phenomenon 

appear  in  a l l  mammalian s l e e p . )  Under c i r cumstances  o f  environmental  

s t r e s s ,  the  awakenings become l e n g th y  and may even r e p l a c e  t h e  REM pe r iod .  

Thus,  e a r l y  in  mammalian e v o l u t i o n ,  REM s le e p  may have func t ioned  to  

a f f o r d  the  organism t h e  advantages o f  high l e v e l s  o f  s l e e p  by p e r i o d i c a l l y  

p e rm i t t i n g  i t  t o  both monito r  and respond to  p o t e n t i a l l y  t h r e a t e n i n g  

s i t u a t i o n s .

P r e d i c t i o n s  t h a t  fo l low  from t h i s  t h eo ry  inc lude  the  f a c t  

animals  and humans should d i s p l a y  " c r i t i c a l  r e a c t i v i t y "  ( d i f f e r e n t i a t e d  

and a p p r o p r i a t e  response  t o  e x t e r n a l  c o n d i t i o n s )  (Snyder ,  1969) a f t e r  

REM s l e e p  awakenings as  compared to  NREM awakenings. Human d a ta  i n d i c a t e  

t h a t  l e s s  confus ion accompanies REM awakenings than those  o f  Stages I I I
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and IV, but  no t  Stage I I  (Broughton,  1968).  Monkeys have a l s o  been 

r e p o r t e d  t o  appear  more a l e r t  a f t e r  REM (as  compared to  NREM) awakenings 

( R e i t e ,  1965) .  Furthermore ,  Snyder sugges t s  t h a t  t h e  e a r l y  morning 

awakenings r e p o r t e d  t o  occur  in  d e p re s s iv e  p a t i e n t s  may r e f l e c t  an ana­

logous  response  to  an i n t e r n a l  danger  s i g n a l .  The s e n t i n e l  hypo thes i s  

i s  d i s p u t e d  by the  f a c t  t h a t ,  in c a t s ,  t h r e s h o l d s  f o r  awakenings a r e  

h i g h e s t  du ring REM s l e e p  ( f o r  d i s c u s s io n  o f  t h i s  i s s u e ,  see Dement, 1966) .

This  t h e o r y  would p r e d i c t  a non-monotonic  r e l a t i o n s h i p  be­

tween the  e x t e n t  o f  danger  to  which a p a r t i c u l a r  s p e c i e s  as exposed a t  

some c r i t i c a l  p o i n t  in h i s t o r y  and the  p e rc e n t  o f  s l e e p  t ime spen t  in REM, 

s in c e  the  most d e f e n s e l e s s  animals could no t  a f f o r d  long s le e p  pe r iods  

( f o r  example,  l a r g e  and d iu rna l  a n im a l s ) ,  and the  l e a s t  d e f e n s e l e s s  would 

no t  need th e  s e n t i n e l  o p p o r tu n i ty  o f f e r e d  by the  REM s t a t e .  The amount o f  

t ime spen t  s e a r c h in g  f o r  food would a l s o  be a f a c t o r  de te rmining REM 

p e r c e n t ,  s i n c e  those  organisms t h a t  needed to  be c o n s t a n t l y  engaged in 

food -se e k ing  would not  be a b le  t o  t a k e  advantage o f  i n c re as e d  amounts o f  

s l e e p .  T h i s ,  as  Snyder p o i n t s  o u t ,  i s  t e l e o l o g i c a l  in  t h a t  the  organisms 

may need to  e a t  more because they  s l e e p  so l i t t l e .  In a d d i t i o n ,  he sugge s t s  

t h a t  t h i s  t h e o r y  r e q u i r e s  i n v e s t i g a t i o n  o f  response  t o  d i s c r i m i n a t e  

danger  s i g n a l s  du r in g  v a r io u s  s l e e p  and s l e e p  d e p r i v a t i o n  c o n d i t i o n s  f o r  

f u r t h e r  e v a l u a t i o n .  According to  Snyder,  REM s l e e p  may be a v e s t i g i a l  

r esponse  to  environmental  c o n d i t i o n s  t h a t  no longe r  e x i s t .  One would not  

p r e d i c t  t h a t  m o d i f i c a t i o n  o f  the  s l e e p  cyc le  would r e s u l t  in  impor tan t  

behav io ra l  consequences.  The s e n t i n e l  hypo thes i s  o f f e r s  a weak e x p la n a t i o n  

f o r  the  REM rebound phenomenon.

In fo rmat ion  Conso l ida t ion  Theory . Due to  the  f a c t s  t h a t :

1) REM s l e e p  occurs  p redom inant ly  in  mammals (Snyder ,  1969); and 2) REM
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s l e e p  i s  more prominent  in  neona ta l  and i n f a n t  s l e e p  (Roffwarg e t  a ! . ,  

1966) ,  i t  has been hypo thes ized  t h a t  t h i s  s t a t e  in  some way f a c i l i t a t e s  

a c q u i s i t i o n ,  c o n s o l i d a t i o n  a n d /o r  s t o r a g e  o f  new in fo rm a t io n .  Roffwarg 

and co-workers  (1966) have hypo thes ized  t h a t  dur ing e a r l y  l i f e ,  matu ra-  

t i o n a l  p r o c e s s e s  such as  m y le n iz a t io n  a r e  f a c i l i t a t e d  by REM s le e p .

S te rn  (1971) and F ishbe in  (1970) have hypo thes ized  t h a t  REM s l e e p  o p t i ­

mizes t h e  o rg an i s m 's  c a p a c i ty  t o  a c q u i r e  new in fo r m a t io n ,  and F ishbe in  

(1971) has hypo thes ized  t h a t  REM s le e p  i s  neces sa ry  f o r  t h e  convers ion  

o f  in fo rm a t ion  from s h o r t - t e r m  to  long- te rm  s to r a g e  (see  above f o r  d i s ­

cussion  o f  t h i s  t h e o r y ) .

Greenberg and Pearlman (1974) hypo thes ized  t h a t  REM s le ep  

i s  ne c es sa ry  f o r  c o n s o l i d a t i o n  of  newly ac q u i r ed  in fo rm a t ion  r e s u l t i n g  

in behav io r  t h a t  i s  not  s p e c i e s - t y p i c a l .  They e x p la i n  t h e  a s s o c i a t i o n  

of  REM s l e e p  t o  mammals by th e  f a c t  t h a t  mammalian s u rv iv a l  i s  depend­

e n t  on behav io ra l  a d a p t a t i o n s  and responses  t o  environmental  s t im u l i  

t h a t  a r e  no t  pre-programmed. Thus, in  c o n t r a s t  t o  Dement, they  p r e d i c t  

t h a t  performance o f  only behav io r s  dependent  upon complex environmental  

s t im u l i  w i l l  be impaired in  response  t o  REM d e p r i v a t i o n .

The consensus o f  t h e  l i t e r a t u r e  i n v e s t i g a t i n g  th e  e f f e c t  of  

REM d e p r i v a t i o n  on r e t e n t i o n  lends  s u ppo r t  t o  t h i s  h y p o t h e s i s  (A lber t  

e t  al_., 1970; Greenberg e t  a l_ . , 1970, 1972; Holdstock & Verschoor ,  1973; 

Joy & P r i n z ,  1969; Pearlman,  1973; Pearlman & Greenberg,  1973; Pearlman 

& Becker,  1974, 1975) (bu t  see c r i t i q u e  o f  methodology above) .  However, 

s t u d i e s  showing an enhancement o f  a g g r e s s iv e  behav io r  (supposedly REM- 

Independent)  in  response  t o  REM d e p r i v a t i o n  s u gge s t  t h a t  t h i s  behavior  

may be f a c i l i t a t e d  by REM d e p r i v a t i o n  and t h a t  REM d e p r i v a t i o n  may 

a f f e c t  behav io r  through  a l t e r a t i o n  o f  something o t h e r  than a c o n s o l i d a ­
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t i o n  mechanism. Ellman and co-workers  (1978) o f f e r  an a l t e r n a t i v e  e x ­

p l a n a t io n  of  t h e s e  f i n d i n g s  ( see  above) .

Drive-Reward Theory. Ellman and co-workers  (1978) have 

hypothes ized  t h a t  a minimal l e v e l  o f  neu ra l  a c t i v a t i o n  i s  ne c es sa ry  t o  

main ta in  behav io ra l  r e s p o n s i v i t y .  During waking, environmental  s t i m u l i  

a r e  t h e  source  o f  t h i s  a c t i v a t i o n .  During s l e e p ,  when sensory inpu t  

and p r o p r i o c e p t i v e  feedback s i g n a l s  a r e  a t  a minimal l e v e l ,  t h e  REM 

s le e p  s t a t e  may serve  t o  prov ide  a source  o f  endogenous s t i m u l a t i o n .

I t  has  been hypo thes ized  t h a t  ICSS r e f l e c t s  a c t i v a t i o n  o f  d r iv e  and 

reward systems in  t h e  b ra in  (see  Deutsch & Howarth, 1963) .  Based on 

th e  f in d i n g  t h a t  a r e c i p r o c a l  r e l a t i o n s h i p  e x i s t s  between REM s le e p  

and ICSS ( S t e i n e r  & Ellman,  1972) ,  Ellman and co-workers  (1978) have 

hypothes ized  t h a t  REM s le e p  and s p e c i f i c  m o t iva ted  waking behav io rs  may 

be mediated by common reward mechanisms in  the  b r a i n .  S p e c i f i c a l l y ,  

they  have hypo thes ized  t h a t  the  ICSS neura l  c i r c u i t  comprises  p a r t  of  

the  REM s le e p  network. This  no t io n  i s  suppor ted  by the  f i n d i n g  t h a t  

the  lo cu s  c o e r u l e u s ,  a b r a in  s i t e  b e l i e v e d  to  be an i n t e g r a l  p a r t  o f  

th e  REM s le e p  mechanism, sup p o r t s  ICSS behav io r  (Crow, 1973; El lman, 

F a rber ,  M a t t i a c e ,  & S t e i n e r ,  1974) .

Hypothalamic s i t e s  from which g o a l - d i r e c t e d  behav io r  can be 

e l e c t r i c a l l y  e l i c i t e d  a l s o  s u ppo r t  ICSS. These s t im ulus -bound  be­

h a v io r s  have been shown to  d i s p l a y  many c h a r a c t e r i s t i c s  o f  mot iva ted  

behav io r  (Coons, Levak, & M i l l e r ,  1965) ( see  below).  As p a r t  o f  the  

ICSS ne twork ,  t h e s e  neura l  m e d ia to r s  o f  behav io r  may a l s o  be p a r t  o f  

t h e  REM s l e e p  system. I t  t h e r e f o r e  f o l low s  t h a t  REM d e p r i v a t i o n  should 

a l t e r  t h r e s h o l d s  f o r  e l i c i t a t i o n  o f  t h e s e  be h a v io r s .  To t h e  e x t e n t  t h a t  

" d r ive"  as  a u n i f i e d  concep t  a f f e c t s  a l l  m o t iva ted  behav io r s  s i m i l a r l y ,  

i t  would be p r e d i c t e d  t h a t  REM d e p r i v a t i o n  should lower t h r e s h o l d s  f o r
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a l l  s t imulus-bound  b e h a v io r s .  However, i f  REM d e p r i v a t i o n  (o r  ICSS) 

mimics an a c t i v a t e d  s t a t e  such t h a t  some behav io r s  a re  f a c i l i t a t e d  

while  o t h e r s  a r e  suppre ssed  ( t h i s  would be l i k e l y  to  a i d  in  some adap­

t i v e  f u n c t i o n ) ,  then t h r e s h o l d s  f o r  s p e c i f i c  s t im ulus -bound  behav io rs  

might  be d i f f e r e n t i a l l y  a f f e c t e d  by REM d e p r i v a t i o n .  An example o f  

one such n a t u r a l l y  o c c u r r in g  s t a t e  i s  sympathe t i c  nervous system a c t i ­

v a t i o n  which can be s t i m u l a t e d  by t h r e a t  o f  a p r e d a t o r  (Keaton,  1967) 

o r  a r t i f i c i a l l y  by a d r e n a l i n  o r  amphetamine a d m i n i s t r a t i o n  ( S c h i l d k r a u t  

& Kety,  1967) . This s t a t e  f a c i l i t a t e s  behav io rs  such a s  a g g r e s s io n ,  

but  i n h i b i t s  behav io rs  such as  f ee d in g .  I f  REM s le e p  r e p r e s e n t s  a mani­

f e s t a t i o n  o f  sympathe t i c  nervous system a c t i v a t i o n ,  then s t im ulus -bound  

behav io r s  may be d i f f e r e n t i a l l y  a f f e c t e d  by REM s l e e p  d e p r i v a t i o n .  Spe­

c i f i c a l l y ,  agg re s s io n  would be f a c i l i t a t e d ,  wh ile  feed ing  would be i n ­

h i b i t e d  in  response  t o  REM d e p r i v a t i o n .

Feeding

Rats  m ain ta ined  on a f r e e - f e e d i n g  schedu le  such t h a t  food i s  e a s i l y  

a c c e s s i b l e  and in  un l im i t e d  supp ly  e x h i b i t  r e g u l a r ,  p a t t e r n e d  behav io r .  

When f ac e d  with v a r io u s  m e ta b o l i c  or environmental  c h a l l e n g e s  they  ex­

h i b i t  p r e d i c t a b l e  a l t e r a t i o n s  in  feed ing  p a t t e r n s .  Under s ta nda rd  

l a b o r a t o r y  c o n d i t i o n s ,  f ee d in g  occurs  i n  b u r s t s  of  i n g e s t i o n  s e p a r a te d  

by p e r io d s  of  no e a t i n g .  Depending on th e  c r i t e r i a  used to  d e f ine  a 

mea l ,  r a t s  i n g e s t  approx im ate ly  21.4 grams d i s t r i b u t e d  among e i g h t  (Le 

Magnen & T a l lo n ,  1966) t o  12 (Balagura & Cosc ina,  1968) meals per  day. 

Changes in  f eed ing  a re  u s u a l l y  e f f e c t e d  thorugh a l t e r a t i o n  of  meal s i z e  

o r  meal f re que nc y ,  but  not  bo th .  Le Magnen (1972) r e p o r t s  t h a t  meal 

s i z e  i s  c o r r e l a t e d  with p o s t - p r a n d i a l ,  but  no t  p r e - p r a n d i a l ,  i n t e r -m ea l  

i n t e r v a l s .  Rats  a l t e r  meal s i z e  in  r esponse  t o  food d e p r i v a t i o n
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(L e v i t s k y ,  1970) ,  demands o f  l a c t a t i o n  ( K i s s i l e f f  & Becker,  1974) ,  

c a l o r i c  d i l u t i o n  (Snowdon, 1969) ,  and t a s t e  (L e v i t s k y ,  1970) . Meal 

f requency  i s  a l t e r e d  in  response  t o  cold  w a te r  s t r e s s  ( K i s s i l e f f ,  1968) .

In a d d i t i o n  to  a two t o  f ou r -hou r  u l t r a d i a n  feed ing  c y c l e ,  r a t s  

show a marked c i r c a d i a n  v a r i a t i o n  in  amount of  food i n g e s t e d .  S ix ty -  

one p e rc e n t  (Le Magnen & T a l lo n ,  1966) o f  t h e  food e a ten  f o r  a given 

day i s  consumed during  t h e  dark pe r iod  i f  t h e  animal i s  m a in ta ined  on 

a l i g h t - 1 2 - h o u r ,  dark -12-hour  (L-12,  D-12) s c hedu le .  According to  

Le Magnen and Ta l lon  (1966) ,  the  d i f f e r e n c e  in  l i g h t  versus  dark con­

sumption i s  a t t r i b u t a b l e  s o l e l y  t o  meal s i z e ;  however, Balagura and 

Coscina (1968) r e p o r t  s i g n i f i c a n t l y  more mea ls ,  and s i g n i f i c a n t l y  

l a r g e r  mea ls ,  in  t h e  dark as  compared to  t h e  l i g h t .  Since in  the  l a t t e r  

s tudy  a s h o r t e r  in te r -m ea l  i n t e r v a l  de f ined  a meal (30 vs .  40 m in u te s ) ,  

i t  i s  p o s s i b l e  t h a t  some o f  the  d i sc re panc y  can be a s c r i b e d  to  t h e  f a c t  

t h a t  f o o d - t a k in g  occurs  a t  31 to  39 minutes  a f t e r  t e r m in a t i o n  o f  what 

Balagura and Coscina d e f i n e  as a meal more f r e q u e n t l y  in  t h e  dark than 

in t h e  l i g h t .  When a v a i l a b i l i t y  of  food i s  made c o n t in g e n t  upon a 

l e v e r - p r e s s  response  on a cont inuous  r e in fo rc e m e n t  schedu le ,  t h e  c i r ­

cadian  d i s t r i b u t i o n  o f  feed ing  adheres  t o  t h a t  o f  t h e  ad l i b i t u m  feeding 

s chedu le ;  however, under c o n d i t i o n s  in  which demanding o pe ra n t  schedu les  

a r e  r e q u i r e d  to  o b t a i n  food ,  o r  in  r esponse  to  food d e p r i v a t i o n ,  l i g h t ­

ing c o n d i t i o n  i s  not  a s a l i e n t  s t im u lu s .  A l t e r a t i o n  o f  d i e t  p a l a t a b i l -  

i t y  does not  a f f e c t  the  c i r c a d i a n  d i s t r i b u t i o n  o f  feed ing  (Lev i t sky ,  

1974) .

T a s te  r e s p o n s i t i v i t y  has been shown to  vary under  d i f f e r e n t  con­

d i t i o n s  o f  n u t r i t i o n a l  r e p l e t i o n .  T r a d i t i o n a l l y ,  i t  was b e l i e v e d  t h a t  

an imals  t o l e r a t e d  poor  t a s t e  more when they  were hungry than  when
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s a t i a t e d .  The f in d in g  t h a t  r a t s  t o l e r a t e d  h igher  l e v e l s  o f  qu in ine  

a d u l t e r a t i o n  in  a milk d i e t  i f  they  were food depr ived  lend  s u ppo r t  t o  

t h a t  n o t io n  ( M i l l e r ,  1956) .  Jacobs and Sharma (1969) have hypothe­

s i z e d  t h a t  t a s t e  r e s p o n s i v i t y  i s  enhanced during  food d e p r i v a t i o n  

c o n d i t i o n s .  They sugges t  t h a t  in  M i l l e r ' s  s tu d y ,  r a t s  t o l e r a t e d  more 

q u in ine  not  because o f  dec reased  avoidance o f  a n e g a t iv e  s t im u lus  

(Tenen & M i l l e r ,  1964) ,  but  r a t h e r  because o f  an i n c r e a s e d  approach r e ­

sponse towards the  p a l a t a b l e  milk s u b s ta nc e .  They r e p o r t e d  t h a t  hungry, 

but  no t  normal ,  r a t s  t o l e r a t e  l e s s  q u in in e  a d u l t e r a t i o n  of  corn syrup 

than of  an i s o c a l o r i c  g lucose  s o l u t i o n .  The f a c t s  t h a t :  1) animals

p r e f e r  s a c c h a r in  to  g lucose  s o l u t i o n s  under  c o n d i t i o n s  of  c a l o r i c  

d e p r i v a t i o n  ( S h e f f i e l d  & Roby, 1950); 2) an imals  w i l l  s t a r v e  r a t h e r  

than i n g e s t  food t h a t  i s  h igh ly  a d u l t e r a t e d  (Kennedy, 1950);  and 3) 

i n t r o d u c t i o n  o f  food d i r e c t l y  i n t o  t h e  stomach does not  f u l l y  s u b s t i ­

t u t e  f o r  o r a l l y  i n g es t e d  food (Berkun, Kessen,  & M i l l e r ,  1952) a c c o r d ­

ing to  measures  o f  food i n g e s t i o n ,  s t r e s s  the  importance of  t h e  modula­

t o r y  i n f l u e n c e  of  t a s t e  v a r i a b l e s  on f ee d in g .

A. Neurophysiology

Hypothalamic ca techo lamine  mechanisms have been i n v e s t i g a t e d  

e x t e n s i v e l y  wi th  r eg a rd  t o  t h e i r  r o l e  in  feed ing  r e g u l a t i o n  through 

neuroanatomica l  and neurochemical l e s i o n  and s t i m u l a t i o n  o f  both hypo­

th a l a m ic  a r e a s  and o f  more caudal  b r a i n  s i t e s  t h a t  a r e  b e l i e v ed  to  i n ­

n e rv a t e  t h e  hypothalamus.

Lesions in  the  a re a  o f  the  l a t e r a l  hypothalamus r e s u l t  in  a 

behav io ra l  syndrome c h a r a c t e r i z e d  by aphagia  and a d i p s i a  (Anand & 

Brobeck, 1951;  Te i te lbaum, 1961).  I f  animals  a r e  f o r c e - f e d ,  they  r e ­

cover  e a t i n g  behavior  over  a p e r io d  of  90 days ;  however, water  r e g u l a -
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t i o n  never  r eaches  normal l e v e l s .  Conversely ,  l e s i o n s  i n  t h e  a r e a  o f  

the  ventromedial  hypothalamus r e s u l t  in  o v e r e a t i n g ,  r a i s e d  l e v e l s  of  

body weight  r e g u l a t i o n  and h igh ly  t a s t e - r e s p o n s i v e  feed ing  (Te i te lbaum, 

1961; Te i te lbaum & Campbell ,  1958) .  R ecen t ly ,  t h e  o b e s i t y  syndrome 

has been l in k e d  t o  l e s i o n s  o f  f i b e r s  o f  the  v e n t r a l  n o r a d r e n e rg i c  bundle 

(U n g e rs t e d t ,  1971) pas s ing  through t h e  a re a  o f  the  ventromedial  nuc leus  

o f  t h e  hypothalamus (Gold,  1973; Ahlskog,  Randa l l ,  & Hoebel , 1975; 

S c l a f a n i ,  Berner ,  & Maul, 1975) .

Based most ly  on l e s i o n  s t u d i e s  and on e l e c t r i c a l  s t i m u la t i o n  

s t u d i e s  (see  below),  e a r l y  i n v e s t i g a t o r s  concluded t h a t  the  l a t e r a l  

hypothalamus c o n t r o l l e d  hunger  (Te i te lbaum, 1961) .  More r e c e n t  s t u d i e s  

showing sensory  and motor d e f i c i t s  ( p o s s i b l y  due t o  i n a d v e r t e n t  l e s i o n s  

o f  t h e  t r i g e m in a l  ne rve)  ( Z e i g l e r ,  1974) c a u t i o n  a g a i n s t  invoking p r e ­

mature m o t iv a t io n a l  c onc ep t s .  S i m i l a r l y ,  the  o b e s i t y  syndrome was 

a t t r i b u t e d  t o  changes in  body weight  s e t  p o i n t  (Tei t e lbaum, 1961) ,  

s a t i e t y  ( M i l l e r ,  1960) ,  a f f e c t i v e  s t a t e  (Grossman, 1966) ,  and l i p o s t a t s  

(S c la f an i  & Kluge,  1975) ,  but  i s  more r e c e n t l y  being d i sc u s s e d  i n  terms 

of  m etabo l i c  subs tances  and t h e i r  communication with t h e  b r a in  ( F r i e d ­

man & S t r i e k e r ,  1976; Powley, 1977) .

E l e c t r i c a l  s t i m u l a t i o n  o f  the  ventromedial  hypothalamus r e ­

s u l t s  in a s upp re s s ion  o f  f ee d ing  in  hungry r a t s  (Krasne,  1962; Wyrwicka 

& Dobrzecka,  1960),  and s t i m u l a t i o n  o f  t h e  l a t e r a l  hypothalamus e l i c i t s  

feed ing  in  s a t i a t e d  r a t s  (Anand & Dua, 1955) . E l e c t r i c a l l y  e l i c i t e d  

f ee d in g  occurs  a t  r e l i a b l e  c u r r e n t  i n t e n s i t i e s  w i th in  a s u b j e c t ,  and 

has  been t h e  focus  o f  a good deal o f  i n v e s t i g a t i o n .  I t  should  be noted 

t h a t  e l e c t r i c a l  s t i m u l a t i o n  o f  the  hypothalamus has been, r e p o r t e d  to 

e l i c i t  c o p u la to ry  behav io r  (Cagg iu la ,  1970) and a r age  response  ( i n  t h e
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c a t )  (F lynn,  Edwards & Bendle r ,  1971; M i l l e r  1961) .  S p e c i f i c a l l y ,  

t h e s e  r e sponse s  a r e  a s s o c i a t e d  with s t i m u l a t i o n  o f  t h e  p o s t e r i o r  hypo­

thalamus and a n t e r i o r  hypothalamus r e s p e c t i v e l y ;  however, mapping 

s t u d i e s  have f a i l e d  t o  d e l i n e a t e  a r e a s  t h a t  e i t h e r  r e l i a b l y  e l i c i t  o r  

exc lude  e l i c i t a t i o n  o f  any p a r t i c u l a r  response  ( V a le n s t e in ,  1970) .

This  e l e c t r i c a l l y - e l i c i t e d  feed ing  r e s p o n s e ,  known as  s t imulus -bound  

e a t i n g  (SBE), i s  d e f in e d  as  a g o a l - d i r e c t e d  r e s p o n s e ,  i . e . ,  t h e  r e ­

sponse occurs  only i n  t h e  p resence  o f  an a p p r o p r i a t e  goal  o b j e c t  ( food)  

and can be mod if ied i f  c o n d i t i o n s  f o r  a t t a i n i n g  the  goal o b j e c t  a re  

a l t e r e d .

Another l i n e  o f  suppo r t  f o r  t h e  no t ion  t h a t  t h e  response  r e ­

f l e c t s  a m otiva ted  s t a t e  l i e s  in  the  f a c t  t h a t  in  a lmos t  a l l  cases  

examined, b r a in  s i t e s  t h a t  media te  s t imulus -bound behav io r s  a l s o  support  

ICSS (Margules & Olds, 1962) .  At SBE e l e c t r o d e  s i t e s ,  s e l f - s t i m u l a t i o n  

behav io r  i s  enhanced by food d e p r i v a t i o n  (but  no t  sex hormone manipula­

t i o n )  ( G a l l i s t e l  & Beagly,  1971) o r  by the  presence  o f  food on th e  r e ­

sponse l e v e r  (Coons & Cruce, 1968) .  In b r a i n  s i t e s  known t o  suppo r t  

s t imulus-bound  c o p u la to ry  be h a v io r ,  the  p resence  of  an e s t r u s  female 

enhances ICSS r a t e s  (Caggiula  & Hoebel ,  1966) .  Mendelson (1967) has 

e l a b o r a t e d  on the  n o t io n  t h a t  e x c i t a t i o n  o f  s t imulus -bound behav io r  

s i t e s  c r e a t e s  a d r i v e ,  and t h a t  consumption o f  the  goal  o b j e c t  i s  r e ­

ward ing .  Ra the r ,  he su g g e s t s  t h a t  t h e  combinat ion o f  t h e  s t i m u la t i o n  

and t h e  goal  o b j e c t  i s  reward ing .  He found t h a t  r a t s  t h a t  e x h i b i t e d  

s t im ulus -bound  d r in k in g  behav io r  would emit  a l e v e r - p r e s s  r esponse  t o  

a d m i n i s t e r  s t i m u l a t i o n  o f  s t im ulus -bound  d r in k in g  b ra in  s i t e s  only i f  

water  was p r e s e n t .  Thus, t h e  combinat ion o f  t h i r s t  and water  was r e i n ­

f o r c i n g .  Ellman and S t e i n e r  (1973) have hypo thes ized  t h a t  ICSS s i t e s
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form a neu ra l  network t h a t  f i r e s  i n  a s s o c i a t i o n  wi th  d r iv e  and r e i n ­

fo rcement ,  and t h a t  b r a i n  s i t e s  su p p o r t i n g  s t im ulus -bound  behav io rs  

a r e  sub -systems o f  t h e  ICSS network which f i r e  in  a s s o c i a t i o n  with 

r e in f o rc e m e n t  of  s p e c i f i c  b e h a v io r s .

V a le n s t e in  (1970) h y po thes iz es  t h a t  s t im ulus -bound  behav io rs  

r e f l e c t  the  a c t i v a t i o n  o f  neura l  s u b s t r a t e s  o f  s p e c i e s - s p e c i f i c  be­

h a v io r s  (known as f i x e d  a c t i o n  p a t t e r n s )  r a t h e r  than  a " b io l o g ic a l  

need" s t a t e .  He s ugge s t s  t h a t  feedback a s s o c i a t e d  with t h e  execu t ion  

o f  t h e s e  behav io r s  p rov ides  the  r e in fo rc e m e n t  a s s o c i a t e d  with s t im u lu s -  

bound be h a v io r s .  He reasons  t h a t  in  t h e  case  o f  SBE, s in c e  food and 

s t i m u l a t i o n  i s  more r e i n f o r c i n g  than s t i m u l a t i o n  a lo n e ,  the  s t i m u l a t i o n  

cannot  e x c i t e  a l l  of  t h e  r e in fo rc e m e n t  a s s o c i a t e d  with f e e d i n g .  This  

p o s i t i o n  i s  support ed  by the  f a c t  t h a t  s e ve ra l  non-consummatory s t im u lu s -  

bound behav io rs  such as  grooming and fo o d -c a r r y i n g  can be e l i c i t e d  from 

e l e c t r i c a l  s t i m u l a t i o n  of  t h e  hypothalamus (V a le n s t e i n ,  1968) .  Flynn 

and co-workers  (1971) have shown t h a t ,  in  c a t s ,  t h e  h y p o tha la m ic a l ly  

e l i c i t e d  a t t a c k  response  i s  mediated  a t  l e a s t  p a r t i a l l y  th rough f a c i l i ­

t a t i o n  o f  s p e c i f i c  senso ry  and motor  systems,  and t h a t  i n  the  p resence  

o f  an a p p r o p r i a t e  goal o b j e c t ,  o v e r t  behavior  i s  a f f e c t e d .

V a le n s t e in  hypo thes ized  t h a t  the  neura l  system media t ing  

s t imulus -bound  behav io r s  i s  " p l a s t i c . "  That  i s ,  t h e  same neurons a re  

capab le  of  media t ing s evera l  behav io rs  and th e  p a r t i c u l a r  behavior  

e l i c i t e d  by the  s t i m u l a t i o n  i s  dependent  on the  a n i m a l ' s  p r i o r  e x p e r i ­

ence o f  a s s o c i a t i n g  t h e  s t i m u l a t i o n  and th e  goal o b j e c t .  He has demon­

s t r a t e d  t h a t  by va ry ing  the  goal  o b j e c t s  p r e s e n t  in the  t e s t i n g  s i t u a ­

t i o n s ,  he can e l i c i t  d i f f e r e n t  g o a l - d i r e c t e d  behav io r s  in  response  t o  

t h e  same s t i m u l a t i o n .  Add i t iona l  s u ppo r t  f o r  h i s  hypo thes i s  r e s t s  wi th
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t h e  f a c t  t h a t  s t im ulus-bound behav io r s  a r e  f r e q u e n t l y  dependent  upon 

c h a r a c t e r i s t i c s  of  t h e  goal o b j e c t  o t h e r  than those  i n h e r e n t  in  i t s  

consummatory v a lu e .  He c i t e s  t h e  f a c t  t h a t  by changing th e  shape of  

t h e  food d i s h ,  he can a b o l i s h  SBE. A d d i t i o n a l l y ,  mapping s t u d i e s  

have f a i l e d  t o  l o c a l i z e  s p e c i f i c  s i t e s  f o r  e l i c i t a t i o n  of  d i f f e r e n t  

behav io rs  ( V a le n s t e i n ,  1970) .

A c o n t r a s t i n g  h y p o th e s i s  wi th  r eg a rd  t o  " s i t e - s p e c i f i c i t y "  has 

been suggested by Wise (1968) ,  who proposed th e  e x i s t e n c e  o f  two 

interwoven but  f i x e d  neural  systems m ed ia t ing  s t imulus -bound feed ing  

and d r in k i n g .  He r e p o r t e d  t h a t  s t i m u l a t i o n  t o  an e l e c t r o d e  s i t e  sup­

p o r t i n g  s t imulus-bound  behav io r  r e s u l t s  in  a gradual lowering  o f  

t h r e s h o l d  f o r  t h a t  behav io r  wi th  r e p e a te d  s t i m u l a t i o n  over  t im e .  Thus, 

V a l e n s t e i n ' s  f i n d i n g  t h a t  s t i m u l a t i o n  of  an e l e c t r o d e  s i t e  can e l i c i t  

s e v e r a l  behav io rs  can be a t t r i b u t e d  to  t h e  i n t e r a c t i v e  e f f e c t s  of  c u r ­

r e n t  spread and lowering t h r e s h o l d s  f o r  e l i c i t a t i o n  of  s p e c i f i c  beh a v io r s .  

Wise 's  i n f e r e n c e  ga in s  s uppo r t  from a s tudy  by Olds, Allan and Breese 

(1971) in  which they  were a b l e  t o  l o c a l i z e  d i s c r e t e  and d i f f e r e n t i a l  

s i t e s  f o r  SBE, e l i c i t e d  d r i n k i n g ,  and rewarding b r a i n  s t i m u l a t i o n  

through  t h e  use o f  small probes  and low c u r r e n t  l e v e l s .  In a d d i t i o n ,  

t h e  f in d in g s  t h a t  drug m a n ipu la t ions  can d i f f e r e n t i a l l y  a f f e c t  s t im u lus -  

bound feed ing  and d r in k in g  behav io r s  suppo r t  t h i s  no t ion  (Grossman, 1960) .

B. Neurochemistr.y

I n j e c t i o n s  o f  no rep in e p h r in e  (NE) t o  t h e  hypothalamus have been 

found t o  e l i c i t  feed ing  in  s a t i a t e d  r a t s  (Grossman, 1962; Le ibowi tz ,

1974; M i l l e r ,  Gollesman & Emery, 1964) . Mapping s t u d i e s  i n d i c a t e  t h a t  

e x t r a -h y p o th a la m ic  i n j e c t i o n s  do not  e l i c i t  t h i s  response and t h a t  the  

most  s e n s i t i v e  a r e a  w i th in  the  hypothalamus i s  the  p a r a v e n t r i c u l a r
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nucleus  (Le ibowitz ,  1973) .  Leibowi tz  (1975b, 1978a) has p rovided  e v i ­

dence t h a t  the  feed ing  response  i s  due t o  a c t i v a t i o n  o f  ca techo lamine  

(CA) r e c e p t o r s  by demons t ra t in g  a dose-dependent  e f f e c t  wi th  i n j e c ­

t i o n s  o f  exogenous CA and drugs known t o  r e l e a s e  endogenous CA (such as 

amphetamine) ,  and drugs t h a t  i n c r e a s e  s y n a p t i c  a v a i l a b i l i t y  o f  CA by 

b lock ing  reup take  (such as  a m i t r i p t y l i n e ,  p r o t r i p t y l i n e ,  and des imi-  

p ram ine) .  In a d d i t i o n ,  by supp res s ing  the  response  through  use of  

a l p h a - a d r e n e r g i c  r e c e p t o r  b locke rs  such as  phento lamine ,  bu t  no t  b e t a -  

a d r e n e r g i c ,  c h o l i n e r g i c  o r  dopaminergic  r e c e p t o r  b l o c k e r s ,  she has 

demons t ra ted  t h a t  t h i s  response  i s  mediated th rough a l p h a - a d r e n e r g i c  

r e c e p t o r  s i t e s  in the  a r e a  o f  t h e  p a r a v e n t r i c u l a r  neuc leus  (Le ibowitz ,  

1975b, 1978b) .

Thus, C A -e l i c i t e d  feed ing  resembles  the  normal f ee d ing  r e ­

sponse in  magni tude,  and fu r th e rm o re ,  i t  occurs  in  a temporal  sequence 

o f  r e sponses  ( i n c l u d in g  p r e p r a n d ia l  d r in k in g  and d i u r e s i s ,  grooming and 

se a r c h in g )  s i m i l a r  t o  t h a t  o f  normal f eed ing  (L e ibowitz ,  1975a) .  There 

i s  p r e l im in a r y  ev idence  s u g g e s t ing  t h a t  t h i s  re sponse  i s  a s s o c i a t e d  

wi th  the  sensory  q u a l i t i e s  (Sorensen ,  E l l i s o n ,  & Masuoka, 1972; Booth 

& Quarte rmain ,  1965) o r  rewarding a s p e c t s  o f  feed ing  ( R i t t e r ,  Wise, & 

S t e i n ,  1975) .

In a d d i t i o n  t o  an a lpha  a d r e n e r g i c  r e c e p t o r  mechanism media t ­

ing t h e  f eed ing  r e s p o n s e ,  Leibowi tz  has d e f ine d  be ta  a d re n e r g ic  and 

dopaminergic  r e c e p t o r  s i t e s  in  the  a re a  o f  t h e  p e r i f o r n i c a l  l a t e r a l  

hypothalamus t h a t  e x e r t  a s u p p re s s iv e  i n f l u e n c e  on f e e d i n g .  Mapping 

s t u d i e s  s i m i l a r  t o  th o se  d e s c r ib ed  f o r  the  a lpha  a d r e n e r g i c  feed ing  

mechanism have been conducted.  The s i t e s  have been d e f ine d  chemica l ly  

through CA a g o n i s t  and a n t a g o n i s t  i n j e c t i o n s  t o  t h e  s p e c i f i c  hypo-
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t h a lam ic  s i t e s  (L e ibowitz ,  1977) .

Margules (1970a, 1970b) has r e p o r t e d  t h a t  both alpha  and be ta  

a d r e n e r g i c  a g o n i s t s  i n j e c t e d  i n t o  the  hypothalamus r e s u l t  in  a sup­

p r e s s i o n  of  f e e d i n g .  He u t i l i z e d  doses  which were c o n s id e rab ly  h ig h e r  

than  th o s e  used by Leibowitz .  In a d d i t i o n ,  he has not  conducted e x ­

t e n s i v e  mapping s t u d i e s  t h a t  would l e a d  to  neuroanatomical  l o c a l i z a t i o n  

o f  t h e s e  s e n s i t i v e  a r e a s .  Margules suggested  t h a t  t h e  a lpha  and be ta  

a d r e n e r g i c  i n h i b i t o r y  mechanisms which he i s  a c t i v a t i n g  a re  r e s pons ive  

t o  d i s t i n c t  s a t i e t y  cues .  He showed t h a t  a lpha  a d re n e r g ic  a c t i v a t i o n  

or  be ta  a d re n e r g ic  d e a c t i v a t i o n  r e s u l t e d  in  i n h i b i t i o n  of  feed ing  in 

response  t o  i n t e r n a l  s a t i e t y  c u e s ,  whereas be ta  a d re n e r g ic  a c t i v a t i o n  

o r  a lpha  a d re n e r g ic  d e a c t i v a t i o n  r e s u l t e d  in  an i n h i b i t i o n  in  response 

t o  the  sensory  q u a l i t i e s  o f  food.  In a l a t e r  s tudy aimed a t  account ing  

f o r  the  d i sc repancy  between h i s  da ta  and t h a t  of  Le ibowitz ,  he found 

t h a t  c e n t r a l  NE i n j e c t i o n s  a t  t h r e e  hours  a f t e r  the  o n se t  of  the  dark 

p e r io d  ( in  animals  m ain ta ined  in  L-12, D-12 l i g h t i n g  c o n d i t i o n s )  sup­

p re s s e d  f ee d in g ,  wh ile  i d e n t i c a l  i n j e c t i o n s  ad m in i s t e re d  a t  1 1/2 hours  

a f t e r  the  o n se t  o f  the  l i g h t  p e r io d  r e s u l t e d  in  enhanced feed ing  

(Margules,  Lewis, Dragovich, & Margules ,  1972) .  Margules suggested  t h a t  

e a t i n g  occurs  when hypothalamic NE rea c he s  some opt imal  l e v e l  and t h a t  

adding NE in  the  l i g h t  r a i s e s  NE t o  t h a t  l e v e l ,  while  adding NE in  the  

dark moves i t  f u r t h e r  from the  c r i t e r i o n  l e v e l  a t  which f ee d ing  i s  most 

l i k e l y  t o  occur .  Leibowitz  (1976) has r e p o r t e d  t h a t  no t im e-o f -da y  

d i f f e r e n c e s  e x i s t  f o r  t h e  i n j e c t i o n s  she r e p o r t s .

Although the  neurochemical  s u b s t r a t e ( s )  o f  e l e c t r i c a l l y  e l i c i t e d  

f ee d in g  i s  unknown, t h e  p o s s i b i l i t y  t h a t  b r a i n  CA may p lay  a r o l e  in 

t h i s  phenomenon has  been sugges ted  by a few s t u d i e s  which have shown
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t h a t  drugs t h a t  a l t e r  b r a i n  CA a c t i v i t y  i n f lu e n c e  t h e  e l i c i t e d  feed ing  

r e s p o n s e .  S p e c i f i c a l l y ,  p e r i p h e r a l l y  i n j e c t e d  amphetamine ( M i l l e r ,  

1960; S t a rk  & T o t t y ,  1967; Wisehart  & Walls ,  1974) and pheny lp ropanola ­

mine (Hoebel,  Hernandez & Thompson, 1975) ,  drugs known t o  enhance CA 

r e c e p t o r  a c t i o n ,  have been found to  i n h i b i t  e l e c t r i c a l l y  e l i c i t e d  f e e d ­

ing .  A s i m i l a r  e f f e c t  has been r e p o r t e d  f o r  p e r i p h e r a l  i n j e c t i o n  of  

t h e  dopaminergic  b lo c k e r ,  h a lo p e r id o l  ( P h i l i p s  & Nikaido,  1975) and 

c e n t r a l  i n j e c t i o n  of  6-OHDA ( P h i l i p s  & F i b ig e r ,  1973) ,  a drug t h a t  de­

s t r o y s  CA t e r m i n a l s .  Both drugs r e s u l t  in  a de c re a s e  of  CA r e c e p t o r  

a c t i v i t y .  Thus,  wh ile  t h e s e  s t u d i e s  have e s t a b l i s h e d  a l i n k  between 

b r a i n  CA and e l e c t r i c a l l y  e l i c i t e d  be ha v io r ,  the  n a tu r e  of  t h i s  a s s o c i ­

a t i o n ,  the  l eve l  a t  which i t  o c c u rs ,  and the  b ra in  a r e a s  invo lv ed ,  r e ­

mains un c le a r .

More caudal  b r a in  a r e a s  have been i n v e s t i g a t e d  in  r eg a rd  to 

t h e i r  r e g u l a t o r y  e f f e c t  on e a t i n g ,  s i n c e  i t  i s  b e l i e v e d  t h a t  br a ins tem  

mechanisms i n n e r v a t e  many hypothalamic s i t e s .  Gold (1972) i n i t i a l l y  

r e p o r t e d  t h a t  the  well-known o b e s i t y  syndrome r e s u l t s  from l e s i o n s  of  

t h e  v e n t r a l  n o r a d r e n e rg i c  bundle  r a t h e r  than  th e  ventromedial  nuc leus 

o f  the  hypothalamus. Ahlskog,  Randall  and Hoebel (1975) have shown 

t h a t  v e n t r a l  bundle l e s i o n s  and medial  hypothalamic l e s i o n s  r e s u l t  in 

a d d i t i v e  o b e s i t y  syndromes. Hypothalamic l e s i o n s  r e s u l t  in  more ove r ­

e a t i n g ,  d i s r u p t i o n  o f  c i r c a d i a n  f ee d ing  c y lce  and f i n i c k i n e s s .  Ventral  

bundle  l e s i o n s  r e s u l t  in  l e s s  o v e re a t in g  and g r e a t e r  f o r e b r a i n  d e p le ­

t i o n s  o f  NE, but p r e s e r v a t i o n  o f  normal t a s t e  r e s p o n s i v i t y .  Ahlskog

(1974) r e p o r t e d  t h a t  midbra in  l e s i o n s  (using e i t h e r  e l e c t r o l y t i c  or  

6-hydroxydopamine l e s i o n s )  o f  t h e  v e n t r a l  bund le ,  bu t  not  the  dorsa l  

bundle ,  cause  o b e s i t y ,  NE d e p l e t i o n  in  the  f o r e b r a i n ,  and a t t e n u a t i o n
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o f  t h e  an o re x ic  e f f e c t  o f  amphetamine.

Leibowitz  and Brown (1978a, b) have r e p o r t e d  t h a t  e l e c t r o l y t i c  

and 6-hydroxydopamine l e s i o n s  o f  the  midbra in  do rsa l  tegmentum a b o l i s h  

CA e l i c i t e d  feed ing  in  the  p a r a v e n t r i c u l a r  nu c le u s ,  and t h a t  l e s i o n s  o f  

t h e  midbra in  v e n t r a l  tegmentum a b o l i s h  CA-induced suppress ion  o f  feed ing  

in  t h e  p e r i f o r n i c a l  l a t e r a l  hypothalamus.  They have shown through 

f l u o r e s c e n c e  microscopy t h a t  these  l e s i o n e d  b r a i n  s i t e s  i n n e r v a t e  the  

p a r a v e n t r i c u l a r  and p e r i f o r n i c a l  a re a s  r e s p e c t i v e l y .  Jones and Moore 

(1977) ,  using a u d io r a d io g r a p h ic  t e c h n i q u e s ,  have shown t h a t  t h e  locus 

c o e ru leus  i n n e r v a t e s  the  p a r a v e n t r i c u l a r  nuc leus  in  c a t s .  However, 

s t u d i e s  i n v e s t i g a t i n g  f ee d ing  in  response  t o  locus c oe ru leus  l e s i o n s  in  

c a t s  (Jones e t  a l . . , 1977) and r a t s  (Osumi, 1975) have r e p o r t e d  no 

changes in  f e e d i n g .  H a lp e r in ,  H a lp e r in ,  P o l l e n s ,  and P a v l ide s  (1978) 

have r e p o r t e d  a hyperphagic  response  t o  do r sa l  b ra ins tem  l e s i o n s .  This  

r esponse  d i f f e r s  from t h e  hypothalamic hyperphagic  syndrome acco rd ing  

t o  va r ious  m o t iva t iona l  measures .  H i s t o l o g i c a l  ana ly se s  a r e  i n  p r e l i m i ­

na ry  s t a g e s  in  t h i s  s tudy .

Feeding has been e l e c t r i c a l l y  e l i c i t e d  from b r a in  s i t e s  caudal  

t o  t h e  hypothalamus along  the  pa th  o f  the  medial  f o r e b r a i n  bundle 

c a u d a l ly  t o  t h e  v e n t r a l  tegmental  a re a  o f  Tsa i  ( W a l l d b i l l i g ,  1975) and 

i n t o  t h e  p o n t in e  tegmentum invo lv ing  a r e a s  such as  the  locus  c o e ru l e u s ,  

s u p e r i o r  c e r e b e l l a r  pe dunc le s ,  and the  mesencepha l ic  nuc leus  o f  the  5th 

c r a n i a l  nerve  (Micco, 1974) .  This  ex t rahypo tha lam ic  feed ing  response  

i s  n o t  a s s o c i a t e d  with e x p l o r a t o r y  behav io r  (Micco, 1974) . In f a c t ,  

t h e  food must be p laced  in  the  a n i m a l ' s  senso ry  f i e l d  in  o rde r  f o r  the  

behav io r  t o  occu r .  I t  shou ld  be no ted ,  however, t h a t  removal o f  the  

food du r ing  s t i m u l a t i o n  r e s u l t s  in  the  c e s s a t i o n  o f  m a s t i c a t i o n .  This
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demons t ra tes  the importance o f  senso ry  inpu t  f o r  t h e  feed ing  response  

a s s o c i a t e d  with midbrain  and h indb ra in  s t i m u l a t i o n .

Amphetami ne

A. Neuropharmacological  E f f e c t s

Amphetamine's a c t i o n  i s  t h a t  of  an i n d i r e c t  a c t i n g  sympatho­

mimetic amine in the  p e r i p h e ra l  a d re n e r g i c  nervous system. That  i s ,  

i t  mimics t h e  e f f e c t s  o f  NE by d i s p l a c i n g  the  amine in  t h e  nerve ending .  

S i m i l a r l y ,  in  the  c e n t r a l  nervous system, amphetamine a c t s  through d i s ­

placement o f  NE a t  the  nerve t e r m i n a l s .  C e n t r a l l y ,  amphetamine a l s o  

causes  r e l e a s e  of  dopamine (DA) ( through d i sp l a c e m e n t ) ,  i n h i b i t s  uptake 

o f  NE and DA, and blocks metabol ism o f  NE and DA by i n h i b i t i n g  monoamine 

ox id as e .  Both t h e  d- and th e  1 - isomers  e x e r t  t h es e  e f f e c t s .  The r e ­

l e a s e  o f  ca techo lamines  r e s u l t i n g  from amphetamine a d m i n i s t r a t i o n  i s  

g e n e r a l l y  no t  s u f f i c i e n t  t o  reduce normal b r a in  l e v e l s  of  t h e s e  sub­

s ta n c e s  because o f  r a p i d  r e s y n t h e s i s  ( Ive rsen  & I v e r s e n ,  1975).

B. Behavioral  E f f e c t s

B e h a v io ra l l y ,  amphetamine a c t s  as  a s t i m u l a n t  and an anorex ic  

a ge n t .  In both r e g a r d s ,  t h e  d-  isomer i s  more p o t e n t  t h a t  the  1- isomer.  

That  p r e - t r e a t m e n t  with alpha-methyl  p a r a t y r o s i n e  a b o l i s h e s  the  behavioral  

e f f e c t s  o f  amphetamine l ends  suppor t  to  the  h y p o th es i s  t h a t  d i sp l a c e d  

ca techo lamines  media te  t h e s e  e f f e c t s .  In a d d i t i o n ,  ch lo rpromazine ,  

which b locks  c e n t r a l  NE and DA r e c e p t o r  s i t e s ,  an ta g o n ize s  the  behavio ral  

e f f e c t s  o f  amphetamine ( Ive r sen  & I v e r s e n ,  1975) .

Amphetamine has been found t o  i n c r e a s e  a r o u s a l ,  s t i m u l a t e  

spontaneous  motor behav io r ,  enhance l e a r n i n g ,  s e l e c t i v e l y  suppress  REM 

s l e e p ,  and,  in  some cases  t o  d i s r u p t  beahv io r .  Ea t ing i s  i n h i b i t e d ,  

a l though con d i t io n e d  responses  a s s o c i a t e d  with food reward a r e  enhanced
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( Ive r se n  & I v e r s e n ,  1975) .

I t  i s  n e c e s s a ry ,  when e v a lu a t i n g  the  e f f e c t s  o f  amphetamine,  

t o  be p r e c i s e  as t o  t h e  s p e c i f i c  behav io r  t h a t  i s  a f f e c t e d .  In fe r e n c e s  

must be c a r e f u l l y  proposed.  For example,  enhancement o f  behav io r  with 

a low b a s e l i n e  l e v e l  i s  g e n e r a l l y  g r e a t e r  than  enhancement o f  behav io r  

with a high b a s e l i n e  l e v e l  (Dews, 1958) .  S t e i n e r  & S toke ly  (1973) 

r e p o r t  t h a t  the  i n v e r t e d  U-shaped r a t e  i n t e n s i t y  curve  t y p i c a l l y  observed 

with hypothalamic ICSS behav io r  i s  p r e se rved  but  s h i f t e d  in  the  d i r e c ­

t i o n  of  lower c u r r e n t  i n t e n s i t i e s .  Thus,  a t  most s t i m u l a t i o n  i n t e n ­

s i t i e s  l e v e r - p r e s s i n g  r a t e s  a re  i n c r e a s e d ;  however, a t  some i n t e n s i t i e s  

r a t e s  a re  suppressed .  In a d d i t i o n ,  be hav io ra l  e f f e c t s  a r e  dependent  

upon response  c o m p a t a b i l i t y  (Lyon & Randrup, 1972) . Malmo (1959) has 

suggested  t h a t  a U-shaped f u n c t i o n  d e s c r i b e s  t h e  r e l a t i o n s h i p  between 

a rousa l  and behav io ra l  e f f i c i e n c y .  Amphetamine has been shown t o  a l t e r  

t h e  same behav io r  in o p p o s i t e  d i r e c t i o n s  by va rying dose l eve l  (Lyon & 

Randrup, 1972) .

The f a c i l i t a t o r y  e f f e c t s  o f  amphetamine on l e a r n i n g  have been 

demons tra ted  through shock avoidance t a s k s .  Poor l e a r n e r s  show g r e a t e r  

f a c i l i t a t i o n  than  good l e a r n e r s .  Dews (1955) r e p o r t e d  t h a t  behavior  

was m ain ta ined  by amphetamine dur ing  s imple S*VsA c o n d i t i o n s ,  but  d i s ­

r u p te d  du r in g  complex S*VsA c o n d i t i o n s .  Amphetamine has been r e p o r t e d  

t o  d i s r u p t  behav io r  on a d i f f e r e n t i a l  r e in fo rc e m e n t  o f  low r a t e s  

schedule  and ,  in  monkeys, t o  d i s r u p t  performance on a v i sua l  matching 

t a s k .

Amphetamine has been found to  enhance ICSS when e l e c t r o d e  

s i t e s  a r e  i n  t h e  medial f o r e b r a i n  bundle ( S t e i n ,  1965) .  Car ls son  (1966) 

has shown t h a t  amphetamine in  t h i s  a r e a  causes  r e l e a s e  o f  NE from
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t e r m i n a l s .  In a d d i t i o n ,  s p i r o p e r i d o l  s u p p re s se s  ICSS in  t h e  medial 

f o r e b r a i n  bundle .  I t  has been suggested (Warburton, 1977) t h a t  dopa­

mine pathways o r i g i n a t i n g  in  t h e  i n t e r p e n d u n c u l a r  nuc leus  may media te  

t h e  motor  e f f e c t s  o f  amphetamine on ICSS, while  NE pathways o r i g i n a t ­

ing in t h e  locus c o e ru leus  may media te  i t s  enhancement o f  reward .  This  

no t ion  g a in s  suppo r t  from t h e  f i n d i n g  (Ellman, Ackermann, Bodnar,

J a c k l e r ,  & S t e i n e r ,  1976) t h a t  d-amphetamine enhances ICSS more than 

1-amphetamine in do rsa l  b r a in s tem  and hypothalamic s i t e s .  In a d d i t i o n ,  

m id -ve n t r a l  tegmental  ICSS s i t e s  a r e  not  d i f f e r e n t i a l l y  a f f e c t e d  by 

d-  ve r su s  1-amphetamine.

Hypothesis

Evidence sugges t s  t h a t  neural  systems invo lved  in  t h e  m edia t ion  

o f  waking behav io rs  a r e  a l s o  a c t i v a t e d  during  REM s l e e p .  C o r t i c a l  

neurons e x h i b i t  f i r i n g  p a t t e r n s  du ring REM s le e p  t h a t  a r e  s i m i l a r  t o  

waking p a t t e r n s ,  but  d i s s i m i l a r  to  d i sc h a r g e  a c t i v i t y  dur ing  NREM s l e e p .  

Dement (1969) has sugges ted  t h a t  REM s l e e p  s e rv e s  as a p e r io d  dur ing  

which t h e  c e n t r a l  nervous system a r e a s  invo lved  in  t h e  m edia t ion  o f  

m otiva ted  behavior s  a r e  a c t i v a t e d  even though t h e r e  i s  en fo rced  muscle  

a t o n i a  ( i . e . ,  a c t i v e  i n h i b i t i o n  o f  many major  muscle g ro u p s ) .  I t  has 

been r e p o r t e d  t h a t  c a t s  l e s i o n e d  in  caudal  a s p e c t s  o f  t h e  locus  coe ru leus  

f a i l  t o  e x h i b i t  muscle a to n i a  during REM s l e e p  ( Jouve t ,  1973).  These 

c a t s  o f t e n  d i s p l a y  a p p e t a t i v e  or  consumatory behav io rs  r e l a t e d  t o  

f e e d in g  o r  agg re s s ion  ( i n  the  absence o f  any e x t e r n a l  s t i m u l i )  dur ing  

REM s l e e p .  In a d d i t i o n ,  PGO s p i k e s ,  normally  a s s o c i a t e d  with REM 

s l e e p ,  a r e  a s s o c i a t e d  with s t e r e o t y p i c  d r i v e  behav io rs  when they  occur  

dur ing  waking. Dement has hypothes ized  t h a t  a l l  m o t iva ted  behav io r s  

( th o s e  r e s u l t i n g  in  f e e d i n g ,  d r i n k i n g ,  c o p u l a t i o n ,  or  a g g re s s io n )  a r e
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e n e rg i z e d  by a u n i t a r y  d r iv e  system, and t h a t  t h e  " p re s su re "  o f  t h i s  

system i s  r e g u l a t e d  by th e  REM s l e e p  mechanism. According t o  t h i s  

n o t i o n ,  REM s leep  i s  a m a n i f e s t a t i o n  o f  excess  d r iv e  energy .  In a d d i ­

t i o n ,  Dement hypo thes ized  t h a t  as  a means o f  d i s s i p a t i n g  d r iv e  energy ,  

t h e  occu r rence  of  REM s le e p  may be i n te r c h a n g e a b le  with waking d r iv e  

b e h a v io r s .  This hypo thes i s  would p r e d i c t  a lowering o f  t h r e s h o ld s  f o r  

a l l  waking m otiva ted  behav io rs  in response  t o  REM d e p r i v a t i o n .

Other  i n v e s t i g a t o r s  have suggested  t h a t  REM i s  a s t a t e  t h a t  p r e ­

p a re s  t h e  organism f o r  l e a r n in g  (Hartmann & S t e r n ,  1972; Greenberg & 

Pearlman,  1974) ,  o r  a s t a t e  during which memory c o n s o l i d a t i o n  occurs  

(Greenberg & Pearlman,  1974; F i s h b e in ,  1970, 1971) .  Greenberg and 

Pearlman hypo thes ized  t h a t  c o n s o l i d a t i o n  o f  complex b e h a v io r s ,  r a t h e r  

than s p e c i e s - s p e c i f i c  b e h a v io r s ,  occu rs  dur ing  REM s l e e p .

S t u d ie s  i n v e s t i g a t i n g  the  e f f e c t s  o f  REM d e p r i v a t i o n  on m otiva ted  

behav io r s  have r e p o r t e d  enhanced a g g r e s s i o n ,  lowered t h r e s h o l d s  f o r  

ICSS b e h a v io r ,  and i n h i b i t i o n  in  c o n s o l i d a t i o n  o f  complex t a s k s ;  how­

e v e r ,  t h e r e  i s  a p a u c i t y  o f  d a ta  s u g g e s t ing  t h a t  REM d e p r i v a t i o n  en­

hances feed ing  behav io r .

There i s  ev idence  t h a t  NE i s  i n t i m a t e l y  invo lved  in  t h e  r e g u l a t i o n  

o f  REM s l e e p  ( Jo u v e t ,  1969b) . Amphetamine, a sympathomimetic drug t h a t  

produces a v a r i e t y  o f  be hav io ra l  changes ( S c h i l d k r a u t  & Kety,  1967) ,  i s  

known t o  e x e r t  t h e s e  e f f e c t s  through  in c r e a s e d  s y n a p t i c  a v a i l a b i l i t y  

o f  NE ( Iv e r se n  & I v e r s e n ,  1975) .  Behaviora l  a l t e r a t i o n s  a s s o c i a t e d  with 

amphetamine a d m i n i s t r a t i o n s  inc lu d e  i n c r e a s e d  a c t i v i t y  (Taylor  & Snyder ,

1971) ,  i n h i b i t i o n  o f  REM s l e e p  (Rech tschaf fen  & Maron, 1964) ,  enhanced 

a g g r e s s io n  behavior  (L a i ,  Nesson & Smith, 1970) ,  and suppressed  feed ing  

response  (see Ive r sen  & I v e r s e n ,  1975) .  Amphetamine a l s o  f a c i l i t a t e s
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l e a r n in g  o f  s imple t a s k s  while  i n t e r f e r i n g  wi th  Tearing o f  complex 

t a s k s  (Dews, 1955; McGaugh & P e t r i n o v i c h ,  1965) .

Furthermore ,  amphetamine e x e r t s  a pa radoxica l  e f f e c t  upon ICSS 

and s t imulus-bound e a t i n g  behav io r  e l i c i t e d  from th e  same e l e c t r o d e  

in  t h a t  ICSS t h r e s h o l d s  a r e  lowered,  wh ile  s t imulus-bound  e a t i n g  

t h r e s h o l d s  a r e  e l e v a t e d  fo l lowing  amphetamine a d m i n i s t r a t i o n  ( M i l l e r ,  

1960) .  Thus, t h e  e f f e c t  o f  amphetamine on m otiva ted  behav io r  i s  no t  

uniform,  but  r a t h e r  d i f f e r e n t i a l  with r e s p e c t  t o  s p e c i f i c  behav io r .

REM d e p r i v a t i o n  and amphetamine a d m i n i s t r a t i o n  have many s i m i l a r  

behav io ra l  e f f e c t s .  As a l r e a d y  no ted ,  both t r e a tm e n t s  i n c r e a s e  spon­

taneous  motor a c t i v i t y  (A1 b e r t  e £  al_., 1970; Tay lor  & Snyder,  1971) ,  

in c r e a s e  va r io u s  measures  o f  a g g re s s io n  (L a i ,  Nesson & Smith, 1970; 

Morden e t  a l . ,  1968; S loan ,  1972) ,  and f a c i l i t a t e  t h e  a c q u i s i t i o n  o f  

s imple t a s k s  (Greenberg & Pearlman,  1974; McGaugh & P e t r i n o v i c h ,  1965) 

and enhance ICSS ( S t e i n e r  & Ellman,  1972) .  In humans, c l i n i c a l  improve­

ment o f  endogenous d e p re s s io n  has been r e p o r t e d  in  response  t o  both 

REM d e r p i v a t i o n  (Vogel e t  a l_. , 1968) and amphetamine (Goodman &

Gilman, 1955).

I t  i s  hypo thes ized  h e re  t h a t  REM d e p r i v a t i o n  may a c t i v a t e  be­

ha v io ra l  mechanisms s i m i l a r  to  th o se  s t i m u la t e d  by amphetamine admin­

i s t r a t i o n .  This  i n c lu d e s  sympathe t i c  neura l  a c t i v a t i o n ,  known to  s e rv e  

as  an a d a p t i v e  response  to  p re d a to ry  c h a l l e n g e s .  REM d e p r i v a t i o n  i s  

r e p o r t e d  t o  occur  n a t u r a l l y  dur ing  c o n d i t i o n s  o f  p re d a to ry  s t r e s s  

(see  Snyder ,  1969) .  Thus,  REM d e p r i v a t i o n  may s e rv e  as  a mechanism 

t h a t  e n e r g i z e s  sympathe t i c  a c t i v a t i o n  du r in g  c o n d i t io n s  o f  environmen­

t a l  c h a l l e n g e .

Sympathet i c  nervous system a c t i v a t i o n  i s  a s s o c i a t e d  with i n h i b i -



41

t i o n  o f  i n t e s t i n a l  p e r i s t a l s i s ,  and dec reased  blood f low  t o  the  d i g e s t i v e  

t r a c t ,  and may, t h e r e f o r e ,  suppre ss  f e e d i n g .  I f  REM d e p r i v a t i o n  

e x e r t s  i n f l u e n c e  on behav io r  through  sympathe t i c  a c t i v a t i o n ,  i t  may 

a l s o  suppress  f ee d ing  behav io r .

This  experiment  was designed  t o  e xp lo re  the  r e l a t i o n s h i p  of 

e a t i n g ,  a waking m otiva ted  behav io r ,  t o  REM s l e e p  through t h e  use o f  

s t imulus-bound e a t i n g  which i s  b e l i e v ed  t o  r e f l e c t  some a s p e c t s  o f  

m o tiva ted  feed ing  behav io r  and some a s p e c t s  o f  s t e r e o t y p i c  feed ing  

behav io r .  I f  t h e  s i m i l a r i t i e s  noted between amphetamine and REM 

d e p r i v a t i o n  occur  ac ros s  o t h e r  m ot iva ted  be h a v io r s ,  then s t im u lu s -  

bound e a t i n g  t h r e s h o l d s  should  be e l e v a t e d  in  response  t o  REM d e p r iv a ­

t i o n .  This  i s  c o n t r a r y  t o  Dement1s (1969) hypo thes i s  t h a t  REM d e p r i ­

v a t io n  lowers t h r e s h o l d s  f o r  a l l  m o t iva ted  be ha v io r s .  This  p r e d i c t i o n  

i s  a l s o  c o n t r a d i c t o r y  to  t h e  hypo thes i s  t h a t  REM d e p r i v a t i o n  does not  

a f f e c t  s p e c i e s - t y p i c a l  behav io rs  (Greenberg & Pearlman,  1974) .

Margules and co-workers  (1972) r e p o r t e d  op p o s i t e  e f f e c t s  of  hypo­

th a la m ic  NE i n j e c t i o n s  on feed ing  behav io r  a t  two d i f f e r e n t  p o i n t s  in 

the  l i g h t / d a r k  cyc le  in r a t s .  I f  REM d e p r i v a t i o n  e x e r t s  i t s  e f f e c t  by 

a l t e r i n g  hypothalamic NE l e v e l s ,  then  REM d e p r i v a t i o n  may have d i f f e r e n ­

t i a l  e f f e c t s  on s t imulus-bound  e a t i n g  a t  d i f f e r e n t  p o i n t s  in the  c i r ­

cadian c y c l e .

The fo l low ing  experiments  comprise  a s y s te m a t ic  a t t e m p t  t o  d e t e r ­

mine th e  e f f e c t s  of  REM d e p r i v a t i o n  on s t im ulus -bound  e a t i n g  t h r e s h o l d s .  

These e f f e c t s  were measured a t  the  two p o i n t s  in the  l i g h t / d a r k  c y c le  

where Margules observed o p p o s i t e  e f f e c t s  of  NE i n j e c t i o n s  on feed ing  

be ha v io r .  Two d i f f e r e n t  s e t s  o f  s t i m u l a t i o n  cont ingency  c o n d i t i o n s
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were u t i l i z e d .  F i n a l l y ,  s t r i c t  c o n t r o l s  f o r  the  n o n s p e c i f i c  e f f e c t s  

o f  s t r e s s  upon s t im ulus -bound e a t i n g  were m ain ta ined .
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METHOD

S u b je c t s

The s u b j e c t s  were Holtzman male ,  a l b i n o ,  Sprague-Dawley r a t s  weigh­

ing approx im ate ly  250 gms upon a r r i v a l .  The animals  were housed i n d i ­

v i d u a l l y  or  in  p a i r s  in  18 x 42 x 20 cm P l e x i g l a s  cages covered with wi re  

mesh. All s u b j e c t s  were m ain ta ined  on Teklad mouse p e l l e t s  and water  

a v a i l a b l e  ad l i b i t u m , in  a room with a r e l a t i v e l y  c o n s t a n t  tempera tu re  

o f  approx imate ly  68°F.

Housing was under  one o f  two s e t s  o f  12-hours  l i g h t s  on, 12-hours  

l i g h t s  o f f  (L-12,  D-12) c o n d i t i o n s .  For one group o f  s u b j e c t s ,  t he  

l i g h t s  tu rned  o f f  a t  7:00 a.m. and on a t  7:00 p.m. For t h e  second group,  

l i g h t s  tu rned  o f f  a t  12:30 p.m. and tu rned  on a t  12:30 a.m.

S u rg ica l  p rocedures  were performed when th e  s u b j e c t s  weighed 

420-500 gms. Subsequent  to  s u rg e r y ,  a l l  an imals  were housed i n d i v i d u a l l y .  

S i x ty - n i n e  (69) s u b j e c t s  underwent  s u r g i c a l  p rocedures ;  16 s u b je c t s  were 

u t i l i z e d  f o r  t h e  experiment .

S u rg ic a l  Procedure

Each s u b j e c t  was implanted with a s t i m u l a t i n g  e l e c t r o d e  and e l e c ­

t r o d e s  f o r  r ec o rd in g  e le c t ro e n c ep h a lo g ra p h  (EE6) and electromyograph 

(EMG).

Animals were a n e s t h e t i z e d  using e i t h e r  Chlorapent  (2.1 mg/kg) o r  

Sodium Thiopenta l  (1 .3  mg/kg) ,  i n j e c t e d  i n t r a p e r i t o n e a l l y ,  and e t h e r .  

Supplementary i n j e c t i o n s  o f  approx imate ly  f i v e  t o  t e n  p e rc e n t  o f  the  

i n i t i a l  dosages were a d m i n i s t e r e d  whenever ne c es s a ry .

The s u r g i c a l  procedure  c o n s i s t e d  o f  p l ac in g  the  animal in  a Kopf 

s t e r e o t a x i c  d e v i c e ,  exposing the  s k u l l ,  and d r i l l i n g  1 .3  mm diameter  

h o l e s  in  t h e  s k u l l  through which the  e l e c t r o d e s  were implanted.
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S t a i n l e s s  s t e e l ,  b i p o l a r  e l e c t r o d e s  (MS303/1, P l a s t i c  Products  

Company) were used as s t i m u l a t i n g  e l e c t r o d e s .  Each e l e c t r o d e  c o n s i s t e d  

o f  two w i r e s ,  i n s u l a t e d  ex c ep t  a t  t h e  t i p s .  The d iam e te r  o f  each t i p  

was 0 .35  mm and th e  d i s t a n c e  between th e  t i p s  was 0.24 mm. The e l e c ­

t ro d e  was cu t  t o  a l eng th  o f  9 mm and,  wi th  t h e  use o f  a s t e r e o t a x i c  

i n s t r u m e n t ,  was aimed a t  t h e  l e f t  l a t e r a l  hypothalamus. With the  i n ­

c i s o r  b a r  s e t  a t  - 5 ,  t h e  c o o rd i n a t e s  used were the  m idpoin t  between 

lambda and bregma, 1 .7  mm l e f t  o f  t h e  s a g i t t a l  s u t u r e ,  and 8 .5  mm below 

th e  s u r f a c e  o f  t h e  s k u l l .

S t a i n l e s s  s t e e l  sc rews ,  1 .0  mm in  d iam ete r  and 4 .5  mm long ,  were 

screwed i n to  the  r i g h t  s i d e  o f  t h e  sku l l  t o  r eco rd  EEG. The p o s t e r i o r  

screw was p laced  approx imate ly  midway between lambda and bregma and 

one t o  two mm to  the  r i g h t  o f  t h e  m id l in e  s u t u r e .  The a n t e r i o r  screw 

was p laced  approx im ate ly  3 .0  mm a n t e r i o r  t o  bregma and 4 .0  mm l a t e r a l  

to  t h e  m id l ine  s u t u r e .  One o f  t h e  two wires  of  an e l e c t r o d e  (MS303/1 , 

P l a s t i c  Products  Company) with i n s u l a t i o n  removed, was t i e d  t o  each 

screw.

B ip o la r  subcutaneous  e l e c t r o d e s  (MS303/71, P l a s t i c  Products  

Company) were used to  r e c o r d  EMG. Each e l e c t r o d e  c o n s i s t e d  o f  two 

s t a i n l e s s  s t e e l  w i r e s ,  0 .125 mm in d i am e te r ,  c o i l e d  i n to  a s p r in g  with 

s i x  t u r n s  p e r  mm. The d iam e te r  o f  each s p r i n g  was 0 .5  mm. Each s p r ing  

was i n s u l a t e d  with po ly e th y le n e  tub ing  excep t  f o r  approx im ate ly  7 .0  mm 

a t  t h e  t i p s ,  where the  i n s u l a t i o n  was removed. The t r a p e z e u s  muscle 

was exposed and s e p a r a t e d .  One o f  the  two wires  o f  the  subcutaneous  

e l e c t r o d e  was t i e d  t o  t h e  l e f t  and r i g h t  l e v a t o r  scapu lae  and the  

t r a p e z e u s  was s u tu r e d  back t o g e t h e r .

A f t e r  i m p l a n t a t i o n ,  t h e  e l e c t r o d e s  were f i x e d  i n t o  p l a c e  wi th  an
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a c r y l i c  cement anchored  to  t h e  s k u l l  with s t a i n l e s s  s t e e l  screws.  A 

one-week t o  one-month recovery  p e r io d  fo l lowed th e  s u r g i c a l  p rocedure .  

Thresho ld  Assessment

Each animal was run a t  the same t ime each day,  through a s t imu­

l a t i o n  s e s s io n  in which an e l e c t r i c a l  t h r e s h o l d  f o r  SBE was de te rmined .  

The s u b j e c t  was weighed,  a t t a c h e d  to  a l e a d ,  and p laced  in  a 20 x 23 

x 21 cm t e s t i n g  chamber t h a t  c on ta ined  a d i s h  o f  Pur ina  l a b  chow mixed 

wi th  w a te r .  The animal was l e f t  u n d i s tu rb e d  f o r  25 m inu tes ,  a t  which 

t ime h i s  chamber was moved t o  t h e  l o c a t i o n  o f  the  s t i m u l a t i o n  a p p a ra tu s .  

The s u b j e c t  was aga in  l e f t  u n d i s tu rb e d  f o r  f i v e  m in u tes .  At t h i s  p o i n t ,  

t h e  s t i m u l a t i o n  s e s s i o n  began. During the  a c tu a l  expe r im en t ,  a l l  

an imals  were handled  with g loves .

Throughout  a l l  t e s t i n g  p ro ce d u re s ,  con s ec u t iv e  t r i a l s  c o n s i s t i n g  

o f  30 seconds o f  con t inuous  s in u s o i d a l  wave c u r r e n t  were d e l i v e r e d  with 

i n t e r t r i a l  i n t e r v a l s  o f  30 seconds .  A t r i a l  was r a t e d  a s  p o s i t i v e  i f  

t h e  animal i n i t i a t e d  f ee d ing  a t  any t ime dur ing th e  t r i a l ,  and n e g a t iv e  

i f  no f ee d ing  occu r red  du ring the  t r i a l .  Feeding was d e f in e d  as  the  

i n g e s t i o n  and swallowing o f  food ob ta in e d  from t h e  d i s h .  A t r i a l  was 

d i sc o u n te d  i f  t h e  s u b j e c t  a t e  du r ing  the  f o u r  seconds preced ing  the  

o n s e t  o f  t h e  t r i a l .

S c r e e n in g . All animals  were sc reened  f o r  a f ee d ing  response  to  

e l e c t r i c a l  s t i m u l a t i o n .  Animals were sc reened  in  20-30 t r i a l  s e s s i o n s  

i n  which th e  c u r r e n t  i n t e n s i t y  o f  t h e  s t i m u l a t i o n  was v a r i e d  from 5 mv 

t o  40 mv, focu s in g  on those  i n t e n s i t i e s  a t  which t h e  s u b j e c t  d i sp la ye d  

e x p l o r a t o r y ,  a c t i v a t e d  o r  f ee d ing  r e l a t e d  behav io r s  such as  s n i f f i n g ,  

m a s t i c a t i o n  and grooming. S u b je c t s  no t  d i s p l a y i n g  SBE behav io r  a f t e r  

approx im ate ly  15 t e s t i n g  s e s s i o n s  were e l i m i n a t e d  from th e  experiment .
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S ub je c t s  were c l a s s i f i e d  as  s t imulus -bound e a t e r s  i f  they  r e l i a b l y  d i s ­

played a feed ing  response  over  a c o n s i s t e n t  range  o f  c u r r e n t  i n t e n s i t i e s  

f o r  f i v e  days.

Each a n i m a l ' s  SBE t h r e s h o l d  was dete rmined through th e  use o f  one 

of  two t h r e s h o l d  asse ssment  p rocedures :  R-50 o r  m u l t i p l e  a scend ing.

R-50. In t h i s  p rocedu re ,  t h e  s u b j e c t  was run in  c o n s e c u t iv e  blocks 

o f  f i v e  t r i a l s  in  which th e  s t i m u l a t i o n  i n t e n s i t y  v a r i e d  between b locks .  

The t e s t i n g  s e s s i o n  was t e rm in a te d  when a t h r e s h o l d  was o b t a i n e d .  Dur­

ing one randomly s e l e c t e d  t r i a l  o f  each  b lock ,  no s t i m u l a t i o n  was p r e ­

s en ted  (a blank t r i a l )  t o  v e r i f y  s a t i a t i o n .  The remaining f o u r  t r i a l s  

o f  t h e  block were run i d e n t i c a l l y  t o  each o t h e r  in  s t i m u l a t i o n  i n t e n s i t y .  

I f  a t r i a l  was d i sc o u n te d ,  an a d d i t i o n a l  t r i a l  was run a t  t h a t  i n t e n s i t y .  

Thus,  a block of  t r i a l s  always c o n s i s t e d  o f  a blank t r i a l  and f o u r  non­

d iscoun ted  s t i m u l a t i o n  t r i a l s .

The f i r s t  block o f  t r i a l s  was run a t  two mv below the  prev ious  

d a y ' s  t h r e s h o l d .  I f  the  animal i n i t i a t e d  e a t i n g  dur ing fewer than  50% 

of  t h e  t r i a l s ,  t h e  c u r r e n t  i n t e n s i t y  o f  the  nex t  block of  t r i a l s  was 

incremented  by one mv. This  method was con t inued  u n t i l  t h e  animal a t e  

during  a t  l e a s t  50% of  t h e  t r i a l s  w i th in  a block ( a t  l e a s t  two of  t h e  

f o u r  non-blank and non-d iscoun ted  t r i a l s ) ,  which t e rm in a te d  th e  d a i l y  

s t i m u l a t i o n  s e s s i o n .

I f ,  dur ing  th e  f i r s t  block o f  t r i a l s ,  t h e  r a t  i n i t i a t e d  e a t i n g  

du r in g  50% o f  t h e  t r i a l s  o r  more,  then  the  nex t  block o f  t r i a l s  was run 

a t  one mv below the  s t a r t i n g  i n t e n s i t y .  Success ive  blocks o f  t r i a l s  

descended by one mv u n t i l  t h e  animal a t e  dur ing fewer than 50% of  t h e  

t r i a l s  in  a b lock ,  which t e r m in a te d  the  d a i l y  s t i m u l a t i o n  s e s s i o n .

A t h r e s h o l d  was a s s e s s e d  f o r  each d a i l y  s t i m u l a t i o n  s e s s i o n .  The
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t h r e s h o l d  was de f ined  as  the  i n t e n s i t y  a t  which t h e  animal a t e  50% o f

t h e  t im e .  I f  t h e  animal did not  e a t  p r e c i s e l y  50% o f  t h e  t ime  during

any block o f  t r i a l s ,  t h e  t h r e s h o l d  was e x t r a p o l a t e d  through l i n e a r  i n ­

t e r p o l a t i o n .  I f  t h e  animal a t e  e x a c t l y  50% o f  t h e  t ime during  one,  and 

only one block o f  t r i a l s ,  the  s t i m u l a t i o n  i n t e n s i t y  of  t h a t  block was 

d e s ig n a t e d  as  the  t h r e s h o l d .  I f  the  animal a t e  e x a c t l y  50% o f  t h e  t ime

during  two o r  more b locks  o f  t r i a l s ,  then th e  i n t e n s i t y  o f  t h e  block

with t h e  lowes t  s t i m u l a t i o n  l ev e l  was de s igna ted  as  the  t h r e s h o l d .

M ul t ip le  Ascending. The s u b j e c t  was run through f o u r  consecu t ive  

blocks o f  f i v e  t r i a l s  each .  Within each b lock ,  t h e  s t i m u l a t i o n  i n t e n ­

s i t y  o f  each t r i a l  was s e t  a t  t h r e e  mv above t h a t  o f  t h e  p rev ious  t r i a l .  

Thus, each block o f  t r i a l s  spanned a range o f  12 mv.

The f i r s t  t r i a l  o f  the  f i r s t  block was run a t  s i x  mv below the

prev ious  d a y ' s  t h r e s h o l d .  The f i r s t  t r i a l  o f  the  second block was run 

a t  e i t h e r  one mv above or  below t h e  i n t e n s i t y  of  t h e  f i r s t  t r i a l  o f  the  

f i r s t  b lock .  The f i r s t  t r i a l  o f  t h e  t h i r d  block was run a t  e i t h e r  one 

mv above o r  one mv below the  f i r s t  t r i a l  o f  the  f i r s t  b lock ,  whichever

was no t  run during  th e  f i r s t  t r i a l  o f  the  second block .  The f o u r t h

block was i d e n t i c a l  t o  t h e  f i r s t  b lock .  Thus, t h e  2 0 - t r i a l  s t i m u l a t i o n  

s e s s i o n  spanned a range o f  14 mv and had a median i n t e n s i t y  e q u i v a l e n t  

t o  t h e  p rev ious  d a y ' s  t h r e s h o l d .

A t h r e s h o l d  was determined  f o r  each block o f  t r i a l s .  In the  

case where t h e  animal i n i t i a t e d  feed ing  during  a l l  t h e  t r i a l s  in  a 

b lock ,  t h e  t h r e s h o l d  f o r  t h e  block was de s ig n a t e d  a s  1 .5  mv below the  

lowes t  i n t e n s i t y  in  t h a t  b lock .  I f  t h e  animal i n i t i a t e d  f ee d ing  during  

none o f  t h e  t r i a l s  in  a given b lo c k ,  then t h e  t h r e s h o l d  was d e s ig n a t e d  

as  1 .5  mv above the  h i g h e s t  i n t e n s i t y  in  t h a t  b lo ck .  I f  t h e  animal
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i n i t i a t e d  f ee d ing  a t  some i n t e n s i t i e s  in  a block and no t  o t h e r s ,  and i f  

a l l  t h e  i n t e n s i t i e s  a t  which e a t i n g  was i n i t i a t e d  were h ig h e r  than a l l  

th o se  i n t e n s i t i e s  a t  which feed ing  was not  i n i t i a t e d ,  then  t h e  t h r e s h ­

old was dete rmined  as  the  midpoin t  between th e  lowes t  i n t e n s i t y  a t  which 

e a t i n g  oc c u r r e d  and the  h i g h e s t  i n t e n s i t y  a t  which feed ing  d id  no t  occur .  

I f  f ee d ing  occur red  during two c onsec u t ive  t r i a l s ,  and i f  no feeding  

occu r red  a t  any lower i n t e n s i t y ,  then t h e  block t h r e s h o ld  was de termined 

as  t h e  midpoin t  o f  the  lowes t  o f  thtfSe two t r i a l  i n t e n s i t i e s  and the  

p reced ing  t r i a l  i n t e n s i t y .  In t h e  case  in  which a p o s i t i v e  t r i a l  

occu r red  and was fol lowed by a n e g a t iv e  t r i a l ,  or  in  t h e  case  in  which 

a p o s i t i v e  t r i a l  was d i s c o u n t e d ,  then  t h e  t r i a l  was c o ns ide red  above 

t h r e s h o l d  i f ,  and only i f ,  a t  l e a s t  one o f  the  corresponding  t r i a l s  in  

t h e  o t h e r  t h r e e  blocks o f  t r i a l s  was p o s i t i v e .  In t h a t  c a s e ,  the 

t h r e s h o l d  o f  the  block was dete rmined as  t h e  midpoint  between t h a t  t r i a l  

and th e  t r i a l  immediately preced ing  i t .

The t h r e s h o l d  f o r  t h e  s t i m u l a t i o n  s e s s i o n  was dete rmined a s  the  

mean o f  t h e  t h r e s h o l d s  ob ta ined  f o r  each o f  the  f o u r  blocks  of  t r i a l s .  

P l a t fo rm  Treatment

Animals were housed i n d i v i d u a l l y  in  12 x 42 x 20 cm P l e x ig l a s  

cages covered  with metal  g r a t i n g  t h a t  con ta ined  a food wel l and water  

b o t t l e .  A P l e x i g l a s  wal l hung from th e  middle  o f  the  food well t o  

abou t  0 .64 cm o f f  t h e  f l o o r  o f  the  cage .  Thus, t h e  animal could 

occupy on ly  an 18 x 27 x 20 cm a r e a .  An i n v e r t e d  c la y  f lowepot  saucer  

was glued  t o  t h e  c e n t e r  o f  t h e  f l o o r  o f  the  cage.  A c i r c u l a r  P l e x i g l a s  

p l a t f o r m  0 .64  cm t h i c k  was screwed to  t h e  s a u c e r .  The p l a t f o rm  s tood  

3.6  cm o f f  the  f l o o r  o f  t h e  cage.  The cage con ta ined  water  t o  0 .32 cm 

from t h e  t o p  o f  t h e  p la t f o rm .  Thus an animal housed in  such a ppa ra tu s
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could  s t a y  dry only by s t a n d in g  on t h e  p la t f o rm .

During the  REM d e p r i v a t i o n  c o n d i t i o n ,  7-15 cm d iam ete r  p l a t fo rm s  

were used;  du r ing  t h e  s t r e s s  c o n t r o l  c o n d i t i o n ,  15-17 cm d iam ete r  p l a t ­

forms were used.  The p l a t f o rm  d iam ete rs  were s e l e c t e d  so t h a t  when th e  

s u b j e c t  exper ienced  muscle a t o n i a ,  i . e . ,  dur ing  REM s l e e p ,  they were 

unable  t o  m a in ta in  t h e i r  p o s i t i o n  on t h e  s m a l l e r  s i z e d  p l a t f o rm .  How­

e v e r ,  on the  l a r g e r  s i z e d  p l a t f o rm ,  t h e r e  was s u f f i c i e n t  a re a  f o r  the  

r a t  t o  remain on th e  p l a t f o rm  even dur ing p e r io d s  o f  muscle a t o n i a .

Two t o  t h r e e  days were f r e q u e n t l y  ne c es sa ry  f o r  t h e  r a t s  to  l e a r n  t o  

m a in ta in  t h e i r  p o s i t i o n s  on t h e  l a r g e r  p l a t fo rm s  in  the  p resence  of  

muscle a t o n i a .

Po lygraph ic  Recording

Throughout t h e  d u r a t i o n  o f  the  e xpe r im e n t ,  each s u b j e c t  was con­

t i n u o u s l y  connected to  a Grass polygraph (model 7D) th rough a swivel 

which al lowed  f r e e  movement. Both t h e  s u b j e c t  and t h e  metal  g r a t i n g  

on the  cage were grounded.  All r e c o r d in g s  were AC.

The polygraph was c a l i b r a t e d  so t h a t  a 50 uV s ig n a l  r e s u l t e d  in

a one cm pen d e f l e c t i o n .  Each s u b j e c t  was reco rded  on two channels  of  

t h e  polygraph .  The EEG channel  reco rded  waves rang ing  from one t o  35 

Hz a t  f u l l  am pl i tude ;  t h e  EMG channel r e c o rd e d  waves rang ing  from 10-75 

Hz a t  f u l l  ampl i tude .

Po lygraph ic  d a t a  was r eco rded  on paper  moving a t  f i v e  mm per  

second and was sco red  in  30-second epochs.  Each 30-second epoch was 

d iv id e d  i n t o  f i v e  equal  p e r io d s  ( s i x  seconds)  and each p e r io d  was 

d iv ide d  i n t o  f i v e  equal d i v i s i o n s  (1 .2  s e conds ) .

All  s c o r in g  t ime f e l l  i n t o  one o f  f o u r  c a t e g o r i e s :  awake; slow

wave s l e e p ;  REM s l e e p ;  u nsc o ra b le  (only 2.9% o f  r ec o rd in g  t ime was
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u n s c o r a b l e ) .  Each epoch was sco red  a s  the  s t a g e  t h a t  occu r red  dur ing  

t h r e e  o f  i t s  f i v e  p e r i o d s .  A pe r iod  was d e s ig n a t e d  as  whatever  s t a g e  

occur red  du r ing  t h r e e  o f  i t s  f i v e  d i v i s i o n s .  In t h e  case  in  which 

t h r e e  p e r i o d s  o f  a s i n g l e  s t a g e  did not  appear  i n  an epoch ,  the  epoch 

was f i r s t  sco red  as  "mixed."  P e r iods  o f  REM were s u b t r a c t e d  ou t  and 

added t o  REM s l e e p  t im e.  The remaining "mixed" t ime was d iv ided  

e q u a l l y  between awake and SWS. In a d d i t i o n ,  a l l  occu r r e nce s  o f  REM 

s le e p  were no ted by d e s ig n a t in g  the  number o f  p e r io d s  ( a t  l e a s t  t h r e e  

out  o f  f i v e  d i v i s i o n s )  o f  REM t ime ( 0 - 2 ) .  These pe r io d s  were a l s o  

s u b t r a c t e d  from t ime in  t h e  s l e e p  s t a g e  in  which they occu r red  and 

added t o  REM s l e e p  t im e .  Thus,  a l l  s co r in g  t ime reduced t o  Awake, SWS, 

REM, and un s c o ra b le .

Sleep S tage  C r i t e r i a . Po lygraph ic  d a ta  was scored  in  accordance 

with t h e  c r i t e r i a  used by Fishman and Roffwarg (1970) .  A b r i e f  d e s c r i p ­

t i o n  o f  t h e  seep s t a g e  c r i t e r i a  f o l l o w s :

Awake: C h a r a c t e r i z e d  by low a m p l i t u d e ,  high f requency EEG with 

t h e t a  a c t i v i t y  f r e q u e n t l y  i n t e r s p e r s e d ,  in  c o n junc t ion  wi th  a t o n i c  EMG.

SWS: C h a r a c t e r i z e d  by high am pl i tude  ( d i s t i n g u i s h a b l e  from awake) 

low frequency  EEG.

REM S l e e p : C h a r a c t e r i z e d  by a c o n s i s t e n t  t h e t a  rhythm in  t h e  EEG,

in t h e  p resence  of  muscle a t o n i a .

Drug A d m in i s t r a t i o n

Nine s u b j e c t s  were i n j e c t e d  i n t r a p e r i t o n e a l l y  wi th  2 mg/kg o f  

d-amphetamine 20 minutes  p r i o r  t o  t h e  SBE t h r e s h o l d  t e s t  f o r  two con­

s e c u t i v e  days .  Drug days were preceded and fo l lowed by two t o  t h r e e  

days o f  s a l i n e  i n j e c t i o n s .  D-amphetamine was d i s s o l v e d  in  a 0 .9$  s a l i n e  

s o l u t i o n  a t  a c o n c e n t r a t i o n  o f  2 mg/ml. S a l in e  i n j e c t i o n s  were a t
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volumes o f  2 ml/kg.

H is to logy

A f t e r  comple t ion o f  t h e  experimenta l  p roce du re ,  s u b j e c t s  were 

overdosed with sodium t h i o p e n t a l  o r  c h lo r o p e n t  and pe r fu s e d  through 

t h e  h e a r t  with a 10% fo rm a l in  s o l u t i o n .  The b r a i n  was f ro z e n  and c u t  

i n t o  40 u t h i c k  coronal  s e c t i o n s .  S e c t i o n s  were s t a i n e d  wi th  c re sy l  

v i o l e t  and luxol  f a s t  blue  accord ing  t o  t h e  method o f  Kluver  and 

Ba r re ra  (see Wolf & Yen, 1968).

E le c t rode  placements  were l o c a l i z e d  according  to  Konig and 

Klippel  (1963) .  During l o c a l i z a t i o n  o f  e l e c t r o d e  s i t e s ,  the  s l i d e s  

were coded so t h a t  t h e  expe r im e n te r  was unaware of  t h e  behav io ra l  da ta  

f o r  t h e  animal whose s l i d e  was being ana lyzed .

P rotocol

S u b je c t s  were housed under one o f  t h e  two l i g h t i n g  c o n d i t i o n s  

immediately o r  s h o r t l y  a f t e r  a r r i v a l  a t  the  l a b o r a t o r y .  A f t e r  su rgery  

and a one-week to  one-month recove ry  p e r i o d ,  an im als  were sc reened  f o r  

SBE behav io r .  Animals were t e s t e d  f o r  15-25 s e s s i o n s  f r e q u e n t l y  i n ­

t e r r u p t e d  by one t o  th ree-week  i n t e r v a l s  o f  no t e s t i n g .  Animals d i s ­

p l a y in g  r e l i a b l e  SBE behav io r  were t e s t e d  f o r  a SBE t h r e s h o l d  each day 

a t  t h e  same t ime u n t i l  t h e  complet ion o f  t h e  experiment .

All t e s t i n g  occurred  between 9:30 a .m. and 12:30 p.m. Thus,  f o r  

t h e  an imals  housed in  the  L - l 2 :30 a .m . ,  D-12:30 p.m. c o n d i t i o n ,  t e s t ­

ing occurred  9 1/2 t o  11 1 /2  hours  a f t e r  the  o n s e t  o f  the  l i g h t  pe r iod  

( L - r a t s ) .  For  t h e  an imals  housed in  L-7:00 p .m . ,  D-7:00 a .m. l i g h t i n g  

c o n d i t i o n s ,  t e s t i n g  occur red  2 1/2 t o  5 1 /2  hours  a f t e r  t h e  o n s e t  o f  

t h e  dark pe r iod  ( D - r a t s ) .

When t h e  s u b j e c t s  d i s p l a y e d  s t a b l e  SBE t h r e s h o l d s  f o r  f i v e  t o
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e i g h t  c onsec u t ive  days ,  t h e  experimental  procedure  began.  Animals were 

a t t a c h e d  to  r e c o rd ing  l eads  a t  a l l  t imes  through two days o f  a d a p ta ­

t i o n  (A),  f i v e  days o f  b a s e l i n e  (BL), f i v e  days o f  e i t h e r  REM d e p r i v a ­

t i o n  o r  l a r g e  p l a t f o rm  s t r e s s  c o n t r o l  (LP),  and f i v e  days o f  r ecovery  

(R).  There was some q u e s t io n  as  t o  the  e f f i c a c y  o f  t h e  t r e a tm e n t  in  

f i v e  s u b j e c t s  and t h e r e f o r e  fou r  s u b j e c t s  were a d m in i s t e r e d  an a d d i ­

t i o n a l  day o f  LP t r e a t m e n t ,  and one s u b j e c t  was a d m i n i s t e r e d  an a d d i ­

t i o n a l  day o f  RD t r e a t m e n t .  During A, BL, and R c o n d i t i o n s ,  animals  

were housed in  cages i d e n t i c a l  to  those  used in  t h e  REM d e p r i v a t i o n  and 

LP c o n d i t i o n s ,  excep t  t h a t  i n s t e a d  o f  c o n ta in in g  a p l a t fo rm  and w a te r ,  

t h e s e  cages c on ta ined  sawdust.  Approximately two weeks a f t e r  t h e  t e r m i ­

n a t i o n  o f  t h e  R c o n d i t i o n ,  the  e n t i r e  paradigm was run a g a i n ,  t h i s  

t ime u t i l i z i n g  the  p l a t f o rm  c o n d i t io n  (REM d e p r i v a t i o n  o r  LP) not  p r e v i ­

ous ly  run .  For h a l f  t h e  s u b j e c t s ,  po lyg raph ic  da ta  was recorded  during  

BL, REM d e p r i v a t i o n ,  LP, and R c o n d i t i o n s .  For the  o t h e r  h a l f ,  po ly ­

g raph ic  da ta  was recorded  f o r  t h e  same two ou t  o f  every  f o u r  hours each 

day.

During A, BL, LP, REM d e p r i v a t i o n ,  and R c o n d i t i o n s ,  animals  were 

handled with gloves and weighed d a i l y  be fo re  t h e  ad l i b i t u m  feed ing  

p e r io d  preced ing  t h e  t h r e s h o ld  t e s t i n g  s e s s i o n .  Each r a t  was run in  the  

same t e s t i n g  chamber each day. All housing cages were c leaned  d a i l y  while  

t h e  s u b j e c t  was being t e s t e d  f o r  SBE t h r e s h o l d .

A f t e r  complet ion o f  t h e  l a s t  r ecovery  day ,  t h e  an im als  were d i s ­

connected from the  polygraph .  Nine s u b j e c t s  were m ain ta ined  in  t h e  same 

housing and t e s t e d  f o r  SBE t h r e s h o l d s  f o r  s i x  t o  e i g h t  a d d i t i o n a l  days 

during  which d-amphetamine o r  s a l i n e  was a d m i n i s t e r e d  20 minutes  be fo re  

t h e  t e s t i n g  s e s s i o n  began. S u b je c t s  were a d m in i s t e re d  two to  t h r e e
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days o f  s a l i n e  fo l lowed by two days o f  d rug ,  and two t o  t h r e e  days o f  

recove ry  ( s a l i n e ) .

Upon complet ion o f  t h e  expe r im en t ,  an imals  were s a c r i f i c e d  and 

h i s t o l o g i c a l  p rocedures  were conducted.  The po lygraph ic  d a ta  was 

ana lyzed to  v e r i f y  t h e  t r e a t m e n t s .

Des ign . H a l f  t h e  s u b j e c t s  in  each l i g h t i n g  c o n d i t i o n  were run 

in  each t h r e s h o l d  assessment  procedure  (see  F igure  1 ) .  Thus, fo u r  

s u b j e c t s  were run in  each t h r e s h o l d / l i g h t i n g  subgroup o f  the  experiment .  

Three o f  t h e  fou r  L - r a t s  run in  t h e  R-50 c o n d i t io n  were run in t h e  REM 

d e p r i v a t i o n  c o n d i t io n  b e fo re  t h e  LP c o n d i t i o n .  All f o u r  o f  t h e  L - r a t s  

run in  t h e  m u l t i p l e  ascending c o n d i t io n  were run in  t h e  REM d e p r i v a t i o n  

c o n d i t io n  p r i o r  t o  t h e  LP c o n d i t i o n .  Two o f  t h e  D - ra t s  run in the  

R-50 cond i t io n  were run in  the  REM d e p r i v a t i o n  c o n d i t io n  p r i o r  t o  the  

LP c o n d i t i o n ,  and two o f  t h e  D - ra t s  run in  the  m u l t i p l e  a scend ing con­

d i t i o n  were run in  t h e  REM d e p r i v a t i o n  c o n d i t i o n  p r i o r  t o  the  LP 

c o n d i t i o n .
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RESULTS

Since small samples were used and d a ta  d id  no t  approximate a n o r ­

mal d i s t r i b u t i o n ,  most changes in  SBE t h r e s h o l d s ,  s leep-wake behav io r  

and body weight  a c ro s s  c o n d i t io n s  were a s s e s s e d  through use of  t h e  

Wilcoxen T t e s t .  In some c a s e s ,  where d e v ia t i o n  from norm a l i ty  was 

l e s s  ex tr eme,  t - t e s t s  f o r  c o r r e l a t e d  means were used.

Thresholds  dur ing  each p la t fo rm  c o n d i t io n  were a s s e s s e d  by c a l ­

c u l a t i n g  th e  mean t h r e s h o l d  f o r  t h e  f o u r t h  and f i f t h  RD or  LP days.

(For  t h r e e  o f  t h e  fo u r  r a t s  run f o r  an a d d i t i o n a l  day o f  LP t r e a tm e n t ,  

t h e  f i f t h  and s i x t h  p l a t f o rm  days were used in  p l ac e  o f  the  f o u r t h  and 

f i f t h  d a y s . )  Po lygraph ic  d a ta  a s s e s s in g  s l e e p  in  con junc t ion  with use 

o f  t h e  i n v e r t e d  f lo w e r - p o t  t echn ique  s u gge s t  t h a t  du ring th e s e  days,  RD 

t r e a tm e n t  i s  most s e l e c t i v e  in  i t s  REM s l e e p  d e p r i v a t i o n  e f f e c t s  (see 

Vogel,  1974) .

D e s c r ip t io n  of  Treatment

A. E le c t ro d e  Placement

Six o f  the  e i g h t  L - r a t s  had e l e c t r o d e  t i p s  pl aced  in  the  

medial  f o r e b r a i n  bundle (see  Figure 2 ) .  For one r a t ,  e l e c t r o d e  t i p s  

bo rdered t h e  f o r n i x ,  c lo s e  t o  the  medial  f o r e b r a i n  bundle ( see  Figure 3 ) ,  

and one r a t  had t i p s  l o c a l i z e d  in  t h e  H2 F ie ld  o f  Forel (see  Figure 4 ) .

Four of  t h e  e i g h t  D- ra t s  had e l e c t r o d e  t i p s  l o c a l i z e d  in  t h e  

medial f o r e b r a i n  bundle  (see  F igure  5 ) .  Of t h es e  f o u r ,  the  t i p s  f o r  

one r a t  bordered on t h e  f o r n i x .  Two animals  had e l e c t r o d e  t i p s  in  t h e  

H2 F i e ld  o f  Forel (see  Figure 6 ) .  One r a t  had t i p s  l o c a l i z e d  in  the  

p o s t e r i o r  hypothalamic nuc leus  (see  F igure  7) and one a n i m a l ' s  e l e c t r o d e  

t i p s  were p laced  in  t h e  s u b s t a n t i a  n ig ra  pa r s  r e t i c u l a r i s  (see  Figure 8 ) .



55

B. Po lygraph ic  Data

Po lygraph ic  da ta  was a s s e s s e d  f o r  a mean o f  11 .8  hours  per  

day f o r  each r a t .  Data was a s s e s s e d  f o r  two BL days p reced ing  each 

p l a t f o rm  c o n d i t i o n ,  t h e  f o u r t h  and f i f t h  days o f  each p l a t f o rm  cond i ­

t i o n ,  and th e  f i r s t ,  second ,  and f i f t h  recove ry  days a f t e r  each p l a t ­

form c o n d i t i o n .  Unscorable  t ime comprised 2.9% o f  t o t a l  r eco rd ing  

t im e.  Unscorable  t ime f o r  each day was p r o p o r t i o n a t e l y  d i s t r i b u t e d  over  

awake, s low wave s l e e p ,  and REM s l e e p  t im e .  Mean t ime sp e n t  in  each 

s l e e p  s t a t e  i s  r e p r e s e n t e d  by F igure s  9 and 10 f o r  L - r a t s  and by Figures  

11 and 12 f o r  D - r a t s .

1. REM S l e e p . REM s le e p  l e v e l s  a r e  expressed  as  a pe rcen tage  

o f  t o t a l  s l e e p  t im e .  REM p e rc e n t  o f  t o t a l  s l e e p  t ime was s i g n i f i c a n t l y  

c o r r e l a t e d  with a b s o l u t e  REM t ime du r ing  most c o n d i t i o n s  (Pearson p r o ­

duc t  moment ranged from r  = .5 1 ,  p < .02 to  r  = .98 p < .001) .  REM 

p e rc e n t s  d id  not  d i f f e r  f o r  t h e  two BL c o n d i t i o n s  f o r  L - r a t s  [£ (7 )  =

.17 ,  p > .87]  o r  D - r a t s  [ , t(7)  = .7 2 ,  p > . 5 0 ] ,  During each p la t fo rm  

c o n d i t i o n ,  REM s l e e p  l o s s  i s  e xpressed  as  t h e  mean REM p e r c e n t  o f  t o t a l  

s le e p  t ime on t h e  fo u r th  and f i f t h  p l a t f o rm  day taken as  a p e rc e n t  o f  

i t s  r e s p e c t i v e  BL REM p e r c e n t .  Mean p e r c e n t  of  REM l o s s ,  SWS l o s s ,  and 

t o t a l  s l e e p  l o s s  f o r  L - r a t s  appear  in  Table  1. REM s le e p  l o s s  was s i g ­

n i f i c a n t l y  g r e a t e r  dur ing RD than  LP c o n d i t i o n s  f o r  L - r a t s  [T(8)  = 4 ,  

p < .0 5 ,  o n e - t a i l e d ] ,  but  not  f o r  D - r a t s  [T(7)  = 6 ,  p > .10 ,  o n e - t a i l e d ] .

Table  2 p r e s e n t s  t h e  mean REM p e rc e n t  o f  t o t a l  s le e p  t ime 

and th e  mean t o t a l  s l e e p  t ime as  a p e r c e n t  o f  awake t ime during  each 

s l e e p  c o n d i t i o n  f o r  L - r a t s  and D - r a t s .  REM p e rc e n t  was s i g n i f i c a n t l y  

e l e v a t e d  over  BL l e v e l s  du r in g  recovery  days one t o  two (R12) a f t e r  RD 

[ t ( 7 )  = 1 4 .78 ,  p < .001]  and LP [ t ( 7 )  = 4 .3 3 ,  p < .003] f o r  L - r a t s .
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S i m i l a r l y ,  R12 REM l e v e l s  were e l e v a t e d  over  BL l e v e l s  a f t e r  RD [ f ( 7 )  = 

1 5 .06 ,  p < .001] and LP [t_(7) = 6 .2 3 ,  p < .001]  c o n d i t i o n s  f o r  D - r a t s .

On t h e  f i f t h  recove ry  day (R5) REM p e r c e n t s  were no t  h igher  than BL 

l e v e l s  a f t e r  RD [£ (7 )  = 2 .0 7 ,  p < . 0 8 ] ,  bu t  were h ighe r  £jt(7) = 7 .7 2 ,  

p < .001]  dur ing LP f o r  L - r a t s .  For D - r a t s ,  t h i s  d i f f e r e n c e  was not  

s i g n i f i c a n t  a f t e r  RD [_t(7) = 1 .6 9 ,  p < . 1 4 ] ,  but  was s i g n i f i c a n t  a f t e r  

LP [ t ( 7 )  = 2 .99 ,  p < . 0 2 ] .

2. Total  Sleep  Time. Total  s l e e p  t ime i s  e xpressed  as  a p e r ­

centage  of  awake t ime f o r  BL and recovery  c o n d i t i o n s .  During each 

p l a t f o rm  c o n d i t i o n ,  s l e e p  l o s s  i s  e xpressed  as  the  mean s l e e p  p e rc e n t  

of  t h e  f o u r t h  and f i f t h  p la t fo rm  days taken  as  a p e r c e n t  o f  i t s  r e s p e c ­

t i v e  BL s le e p  p e r c e n t .  Sleep  p e rc e n t  did no t  d i f f e r  f o r  t h e  two BL 

c o n d i t i o n s  f o r  L - r a t s  [j t (7) = .16 ,  p > . 8 ]  o r  D - ra t s  [ , t(7) = . 2 4 ,  p > 

. 7 ] .  Sleep lo s s  d id  no t  d i f f e r  between RD and LP c o n d i t io n s  f o r  L - r a t s  

[T(8)  = 17, p > .10]  or  f o r  D - ra t s  [T(8)  = 1 5 .5 ,  p > . 1 0 ] .  During R12 

s l e e p  pe rc e n t  was s i g n i f i c a n t l y  e l e v a t e d  over  BL l e v e l s  a f t e r  RD [ t ( 7 )  = 

2 .7 9 ,  p < . 0 2 ] ,  but  f e l l  s h o r t  o f  s i g n i f i c a n c e  a f t e r  LP [ t ( 7 )  = 1 .84 ,  

p > .10]  c o n d i t io n s  f o r  L - r a t s .  Sl eep  l e v e l s  were e l e v a t e d  over  BL 

l e v e l s  dur ing R12 a f t e r  RD [ t ( 7 )  = 3 .7 7 ,  p < .007]  and LP [ t ( 7 )  = 2 .8 9 ,  

p < .02]  c o n d i t io n s  f o r  D - r a t s .  Sleep  p e rc e n t  dur ing  R5 did no t  d i f f e r  

from BL l e v e l s  a f t e r  RD [£ (7 )  = 1 .9 0 ,  p > .10]  or  LP [jt(7) = 0 .01 ,  

p > .99]  f o r  L - r a t s .  S i m i l a r l y ,  s l e e p  p e rc e n t  did not  s i g n i f i c a n t l y  

d i f f e r  from BL dur in g  R5 and RD [ t ( 7 )  = 0 .4 4 ,  p > .6 7 ]  or  LP [ t , (7)  = 

1 .2 2 ,  p > .26]  f o r  D - r a t s .

C. Body Weight

Weight l o s s  du r ing  each p la t fo rm  t r e a tm e n t  was a s s e s s e d  as t h e  

d i f f e r e n c e  in  weight  between the  f i f t h  BL day and t h e  f i f t h  p la t fo rm
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day. As can be seen in Table  3 , r a t s  l o s t  weight  i n  response  t o  the  

p l a t f o rm  t r e a t m e n t .  There were no s i g n i f i c a n t  d i f f e r e n c e s  in  weight  

l o s s  due t o  RD vs .  LP c o n d i t io n s  f o r  L - r a t s  [T(8)  = 8 ,  p > .10]  o r  D- 

r a t s  [T(8)  = 1 2 .5 ,  p > . 1 0 ] .  BL we ights  p r i o r  t o  each o f  the  p l a t fo rm  

t r e a tm e n t s  d id  no t  d i f f e r  f o r  L - r a t s  [T(7)  = 6,  p > .10]  o r  D - ra t s

H(8) = l l , p >  .10].

Planned Comparisons

Mean t h r e s h o l d s  i n c r e a s e d  during  both RD and LP c o n d i t i o n s  over  BL 

l e v e l s  f o r  animals  t e s t e d  i n  t h e  l i g h t  and f o r  animals  t e s t e d  

in  t h e  d a rk .  These d i f f e r e n c e s  were s i g n i f i c a n t  f o r  both L- 

r a t s  and D - ra t s  in  the  BL vs. RD c o n d i t io n  [T{8) = 0,  p < .005] .  The 

d i f f e r e n c e  between BL and LP f e l l  s h o r t  o f  s i g n i f i c a n c e  f o r  L - r a t s  

[T(8)  = 3 . 5 ,  p < . 1 0 ] ,  but  was s i g n i f i c a n t  f o r  D - ra t s  [T(7)  = 0,  p < .01]  

(see  Table  4 ) .

To a s s e s s  t h e  d i f f e r e n t i a l  response  to  RD and LP c o n d i t i o n s ,  two 

d i f f e r e n c e  s c o re s  (RD d e l t a  and LP d e l t a )  were c a l c u l a t e d  f o r  each sub­

j e c t  by s u b t r a c t i n g  from th e  mean RD and LP t h r e s h o l d s  t h e  mean of  

t h e i r  r e s p e c t i v e  BL t h r e s h o l d s .  RD d e l t a  was s i g n i f i c a n t l y  g r e a t e r  than 

LP d e l t a  f o r  L - r a t s  [T(7)  = 0,  p < . 0 1 ] .  RD d e l t a  d id  n o t  d i f f e r  from 

LP d e l t a  f o r  D - r a t s  [T(7)  = 1 3 .5 ,  p > .10]  (see  Table  5 ) .

All r a t s  t e s t e d  th rough th e  use o f  the  m u l t i p l e  ascending  t h r e s h ­

o ld  procedure  and one L - r a t  t e s t e d  in  t h e  R50 procedure  were t r e a t e d  

wi th  amphetamine.  Due t o  a small sample s i z e ,  t h r e s h o l d s  were analyzed 

as  a group.  The mean SBE t h r e s h o l d  during  p re -d rug  s a l i n e  c o n d i t io n s  

was 22 mv. During amphetamine t r e a t m e n t ,  the  mean t h r e s h o l d  was 29 mv.

A c o r r e l a t e d  t - t e s t  showed a s i g n i f i c a n t  e l e v a t i o n  in  SBE t h r e s h o l d s  in  

response  t o  amphetamine [ t j 8 )  = 2 .5 4 ,  p < . 0 4 ] .  All L - r a t s  and t h r e e
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o f  t h e  f o u r  D - ra t s  d i s p l a y e d  s i g n i f i c a n t  e l e v a t i o n s  in  t h r e s h o l d .  One 

D - r a t  showed a lowering o f  t h r e s h o l d  i n  response  t o  amphetamine.

Secondary Findings

A. A dd i t iona l  Ligh t-Dark D i f f e r e n c e s  in  SBE Thresholds

Table  6 p r e s e n t s  t h e  mean SBE t h r e s h o l d s  f o r  L - r a t s  and D - r a t s  

du r ing  each BL, p l a t f o r m ,  and Recovery c o n d i t i o n  f o r  L - r a t s  and D - r a t s .

SBE t h r e s h o l d s  were e l e v a t e d  over  BL l e v e l s  du r ing  R12 subsequent  to  

RD [X(8) = 0, p < . 0 1 ] ,  but  t h i s  d i f f e r e n c e  f a i l e d  t o  reach s i g n i f i c a n c e  

du r in g  R12 subsequen t  t o  LP [T(7) = 2 ,  p < .10]  f o r  L - r a t s .  S i m i l a r l y ,  

D - r a t s  d i sp l a y e d  e l e v a t e d  t h r e s h o l d s  du r ing  R12 subsequent  t o  RD [T(8)  = 

2 . 5 ,  p < .05]  but  no t  subsequent  t o  LP [T(7)  = 3 . 5 ,  p > . 1 0 ] .  Thresholds

on R5 did no t  d i f f e r  from BL l e v e l s  a f t e r  RD [T(5)  = 4 ,  p > .10]  or  LP

[T(6)  = 8 ,  p > .10]  f o r  L - r a t s  o r  f o r  D - ra t s  [T(6)  = 10,  p > .10 ;  T(5)  = 5, 

p > .10 ,  r e s p e c t i v e l y ] .

B. D i f fe r enc e s  Between Thresho ld  Procedure Groups

Table  7 p r e s e n t s  mean t h r e s h o l d  changes ,  REM l o s s ,  s l e e p  l o s s ,  

and weight  l o s s  dur ing  RD v s .  LP c o n d i t i o n s  f o r  r a t s  t e s t e d  in  R50 and 

m u l t i p l e  ascend ing p roce du re s .  SBE t h r e s h o l d s  were d i f f e r e n t i a l l y  

a l t e r e d  f o r  t h e  two t h r e s h o l d  assessment  procedures  used.  RD d e l t a  was 

s i g n i f i c a n t l y  g r e a t e r  than LP d e l t a  f o r  r a t s  t e s t e d  through  use o f  t h e  

R50 procedure  [T(6)  = 0 ,  p < . 0 5 ] .  There was no s i g n i f i c a n t  d i f f e r e n c e  

between RD d e l t a  and LP d e l t a  f o r  r a t s  t e s t e d  us ing  the  m u l t i p l e  a scend­

ing procedure  [T(8)  = 14, p > . 1 0 ] .

REM l o s s  was g r e a t e r  dur ing  RD than  LP c o n d i t i o n s  f o r  r a t s

t e s t e d  i n  both R50 [T_(8) = 1,  p < .01 one t a i l e d ]  and m u l t i p l e  a scend­

ing [T(7)  = 1 ,  p < .025 o n e - t a i l e d ]  p ro ce d u re s .  Sleep l o s s  did not  

d i f f e r  s i g n i f i c a n t l y  between RD and LP c o n d i t i o n s  f o r  e i t h e r  R50
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[T(8)  = 15, p > .10]  or  m u l t i p l e  a scend ing [T(8)  = 10, p > .10]  g roups .

Weight l o s s  f e l l  s h o r t  o f  reach in g  a s i g n i f i c a n t  d i f f e r e n c e  be­

tween t h e  two p la t fo rm  c o n d i t i o n s  f o r  R50 [T(8)  = 6 . 5 ,  p < . 1 0 ] ,  and was 

no t  s i g n i f i c a n t  f o r  t h e  two p l a t f o rm  c o n d i t io n s  f o r  m u l t i p l e  a scend ing 

p rocedure  [1 (8 )  = 8,  p > . 1 0 ] .

Pos t  Hoc Findings

A g r e a t  deal o f  v a r i a b i l i t y  was found in  REM s l e e p  l e v e l s  in  r e ­

sponse t o  p la t fo rm  t r e a t m e n t .  The mean REM lo s s  and s t a n d a r d  d e v ia t i o n  

s c o re s  f o r  each p la t fo rm  c o n d i t io n  appear  in  Table  8. Fur thermore,  only 

12 o f  the  16 s u b je c t s  d i sp l a y e d  more REM s l e e p  du r in g  LP t r e a tm e n t  than  

dur ing  RD t r e a tm e n t  as  compared to  r e s p e c t i v e  BL l e v e l s .  Of t h e s e  12, 

seven r a t s  had REM p e rc e n t  reduced to  l e s s  than  20% o f  t h e  BL l eve l  

dur ing  the  LP c o n d i t i o n .  Among the  12 an imals  f o r  whom REM lo s s  was 

g r e a t e r  du r in g  RD than  LP, f i v e  were D - r a t s .  The seven L - r a t s  had s i g ­

n i f i c a n t l y  h ig h e r  RD d e l t a  s c o re s  than LP d e l t a  s c o re s  [T(7)  = 0 ,  p < 

. 0 2 ] .  There were no s i g n i f i c a n t  d i f f e r e n c e s  in s l e e p  l o s s  [T(7) = 10, 

p > .10]  o r  weight  l o s s  [T (7) = 8 ,  p > .10 ]  f o r  t h e s e  r a t s .  There were 

no s i g n i f i c a n t  d i f f e r e n c e s  in  RD d e l t a  v s .  LP d e l t a  f o r  D- ra t s  [T(5)  = 6 ,

p > . 1 0 ] .

Using a Mann-Whitney U - t e s t ,  i t  was found t h a t  r a t s  t e s t e d  in  the  

R50 procedure  e x h ib i t e d  s i g n i f i c a n t l y  l e s s  REM l o s s  than  those  t e s t e d  

in  t h e  m u l t i p l e  ascending procedure  f o r  both RD [U.(8,8) = 13,  p < .05]  

and LP [JJ(8,8)  = 6 ,  p < .01]  c o n d i t i o n s .  There were no d i f f e r e n c e s  in  

s l e e p  l o s s  [U(8,8)  = 16, p > .10;  U(8,8)  1 4 .5 ,  p > .10]  or  weight  l o s s  

[U(8,8)  = 20,  p > .10 ;  U.(8,8) = 29,  p > .1 0 ]  f o r  RD o r  LP c o n d i t i o n s  

between an imals  t e s t e d  in  R50 o r  m u l t i p l e  a scend ing p ro ce d u re s ,  r e s p e c ­

t i v e l y .
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DISCUSSION

I n t e r p r e t a t i o n  o f  Resu l t s

The d a ta  r e s u l t i n g  from t h i s  experiment  sugges t  t h a t  f e e d in g  may 

be i n h i b i t e d  in  response  t o  REM s l e e p  d e p r i v a t i o n .  Those an imals  t e s t e d  

in  t h e  l i g h t  d i sp l a y e d  s i g n i f i c a n t l y  g r e a t e r  SBE t h r e s h o l d  e l e v a t i o n s  

ove r  BL l e v e l s  i n  response  t o  small p l a t f o rm  t r e a tm e n t  than LP con tro l  

t r e a t m e n t .  That  t h e  d i f f e r e n c e  in  t h r e s h o l d  change can be a t t r i b u t e d  

t o  REM d e p r i v a t i o n  i s  suppor ted  by the  f a c t  t h a t  r a t s  were s i g n i f i c a n t l y  

more REM depr ived  during  the  small p l a t f o rm  c o n d i t i o n  than  du r in g  the  LP 

c o n d i t i o n .  Since t h e r e  were no s i g n i f i c a n t  d i f f e r e n c e s  in  t h e  p e rc e n t  

of  s le ep  l o s s  between LP and RD c o n d i t i o n s ,  t h i s  e f f e c t  i s  p robab ly  no t  

t h e  r e s u l t  o f  n o n - s p e c i f i c  s l e e p  l o s s .  In a d d i t i o n ,  s i n c e  weight  l o s s  

in  response  t o  t h e  two p la t fo rm  t r e a tm e n t s  did no t  d i f f e r ,  i t  i s  u n l ik e ly  

t h a t  SBE t h r e s h o l d  e l e v a t i o n s  can be a t t r i b u t e d  to  body weight  changes.  

Fur thermore ,  t h r e s h o l d s  remained e l e v a t e d  over  BL l e v e l s  on the  f i r s t  

two recovery  days subsequent  t o  RD, and r e t u r n e d  to  BL l e v e l s  by R5. 

During R12 subsequent  t o  LP t r e a t m e n t ,  SBE th r e s h o ld s  were no longer  

s i g n i f i c a n t l y  e l e v a t e d  over  BL t h r e s h o l d  l e v e l s .

For r a t s  t e s t e d  in  t h e  d a rk ,  t h e  d a ta  a r e  l e s s  c o n c lu s i v e .  Although 

t h e  p e rc e n t  o f  s l e e p  lo s s  and th e  weight  l o s s  d id  not  d i f f e r  between the  

RD and LP c o n d i t i o n s ,  t h r e e  o f  t h e  e i g h t  r a t s  were no t  more REM deprived  

dur ing t h e  RD than t h e  LP c o n d i t i o n .  T h e r e f o r e ,  t h e  two p l a t f o rm  manip­

u l a t i o n s  were no t  e f f e c t i v e  in  a c h ie v ing  d i f f e r e n t i a l  REM d e p r i v a t i o n .  

However, even i f  t h e s e  s u b j e c t s  a r e  e l i m i n a t e d ,  t h e r e  i s  no d i f f e r e n c e  

in  t h r e s h o l d  e l e v a t i o n  between RD and LP c o n d i t i o n s .

There e x i s t  severa l  p o s s i b l e  e x p la n a t i o n s  f o r  t h e  l ac k  of  d i f f e r -
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e n t i a l  changes in  SBE t h r e s h o l d s  f o r  RD and LP c o n d i t i o n s  in  t h e  D - r a t s .  

Since t r e a tm e n t  m a n ipu la t ions  were e f f e c t i v e  in  only f i v e  o f  t h e  dark 

s u b j e c t s ,  i t  i s  p o s s i b l e  t h a t  the  e f f e c t  was masked by too  few s u b j e c t s .  

This e x p la n a t i o n  seems u n l i k e l y ,  however,  s i n c e  two s u b j e c t s  had l a r g e  

e f f e c t s  in  t h e  o p p o s i t e  d i r e c t i o n .  That  i s ,  f o r  two s u b j e c t s  t h r e s h ­

old e l e v a t i o n s  were g r e a t e r  du r ing  LP than  RD.

A l t e r n a t i v e l y ,  i t  i s  p o s s i b l e  t h a t  the  e f f e c t  o f  REM d e p r i v a t i o n  

on t h e  neura l  s u b s t r a t e  m ed ia t ing  SBE i s  the  same dur in g  the  l i g h t  and 

d a rk ,  but  t h a t  t e s t i n g  dur ing th e  dark p r e s e n t s  a measurement problem. 

Under s t a n d a rd  feed ing  c o n d i t i o n s ,  animals  e a t  tw ice  as  much in  the  

dark as  i n  t h e  l i g h t  ( see  above ) .  When measuring SBE th r e s h o ld s  a f t e r  

a s a t i a t i o n  p e r i o d ,  i t  i s  assumed t h a t  t h e  a n im a l ' s  o p e ra n t  l eve l  f o r  

feed ing  i s  c lo se  t o  z e ro .  To the  e x t e n t  t h a t  t h i s  assumption i s  t r u e ,  

t h e  t h r e s h o l d  ob ta ined  r e f l e c t s  the  s e n s i t i v i t y  o f  t h e  f u n c t io n a l  

system t h a t  i s  a c t i v a t e d  by th e  s t i m u l a t i o n .  However, s i n c e  normal 

f eed ing  i s  probably  dete rmined by many sys tems,  t o  t h e  e x t e n t  t h a t  t h es e  

o t h e r  systems a re  a c t i v a t e d ,  t h e  s e l e c t i v e  i n f l u e n c e  on feed ing  o f  the  

system in  q u e s t io n  i s  c louded .  I f ,  in  f a c t ,  animals  had a h igher  

ope ran t  l e v e l  f o r  f ee d ing  dur ing  t e s t i n g  in  t h e  d a rk ,  then the  i n f l u e n c e  

of  REM d e p r i v a t i o n  on f ee d ing  mediated by the  neura l  s u b s t r a t e  o f  SBE 

behav io r  may be l e s s  a p p a re n t  a t  t h a t  t im e .  This  may accoun t  f o r  the  

f a c t  t h a t  REM d e p r i v a t i o n  d id  n o t  d i f f e r e n t i a l l y  e f f e c t  SBE t h r e s h o ld s  

f o r  t h e  f i v e  D - ra t s  f o r  whom t h e  p l a t f o rm  t r e a tm e n t s  were e f f e c t i v e  in  

d i f f e r e n t i a l l y  a l t e r i n g  REM s l e e p .  I t  i s  p o s s i b l e  t h a t  SBE t h r e s h o ld s  

a r e  n o t  r a i s e d  by REM d e p r i v a t i o n  in  t h e  da rk .  A l t e r n a t i v e  e x p l a n a t i o n s ,  

however, have no t  been r u l e d  o u t .

The h y p o th e s i s  t h a t  REM d e p r i v a t i o n  would r e s u l t  in  op p o s i t e  e f f e c t s
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on SBE t h r e s h o l d s  under  l i g h t  v s .  da rk  t e s t i n g  c o n d i t io n s  has no t  been 

confirmed.  In a l l  p l a t f o rm  c o n d i t i o n s ,  D - r a t s  were REM depr ived  to  

some d e g re e ,  and SBE t h r e s h o l d s  were e l e v a t e d .  Although the  f a i l u r e  t o  

ach ieve  d i f f e r e n t i a l  REM d e p r i v a t i o n ,  and th e  p o s s ib l e  i n t e r f e r i n g  e f ­

f e c t s  o f  high ope ran t  feed ing  l e v e l s  l eave  un reso lved  th e  q u e s t i o n  o f  

whether REM d e p r i v a t i o n  a f f e c t s  SBE t h r e s h o l d s  a s se s s e d  in  t h e  da rk ,  

i t  seems h igh ly  u n l i k e l y  t h a t  t h e s e  problems a r e  masking a f a c i l i t a t i o n  

o f  SBE.

That  amphetamine e l e v a t e d  SBE t h r e s h o l d s  f o r  e i g h t  o f  the  nine  

r a t s  t e s t e d ,  and t h a t  e l e c t r o d e  t i p s  f o r  most r a t s  were l o c a l i z e d  in  

and around th e  medial  f o r e b r a i n  bundle ,  s u p p o r t  the  assumption t h a t  

the  f eed ing  behav io r  e l i c i t e d  in  t h i s  experiment  has t h e  m otiva ted  

q u a l i t i e s  d e s c r i b e d  by Coons and co-workers  (1965).

The v a r i a b i l i t y  in  REM d e p r i v a t i o n  and t h e  degree o f  s l e e p  l o s s  

in  response  to  p l a t f o rm  t r e a tm e n t  c a l l s  i n t o  q u e s t io n  the  use o f  the  

i n v e r t e d  f l o w e r - p o t  t ec hn ique  f o r  f u t u r e  r e s e a r c h .  This  v a r i a b i l i t y  

i s  not  c o r r e l a t e d  with body we igh t .  Because o f  the  high p r o p e n s i ty  

f o r  animals  t o  have REM s l e e p  when REM de p r iv e d ,  and t h e r e f o r e  the  

tendency  to  adapt  t o  s t i m u l i  used t o  awaken them when they  e x h i b i t  REM 

s l e e p ,  only s t r e s s f u l  p ro ce d u re s ,  o r  drug t r e a t m e n t ,  a r e  e f f e c t i v e  as  

REM d e r p i v a t i o n  a g e n t s .  S t r e s s f u l  p rocedures  unavoidably r e s u l t  in  

l a r g e  q u a n t i t i e s  o f  s l e e p  l o s s .  However, s l e e p  l o s s  can be measured, 

and i f  l e v e l s  a re  equa ted f o r  experimental  and con t ro l  g roups ,  i t  can 

be assumed t h a t  s l e e p  l o s s  i s  not  s o l e l y  r e s p o n s i b l e  f o r  any a l t e r a ­

t i o n s  i n  t h e  dependent  v a r i a b l e .  A l t e r n a t i v e l y ,  drug e f f e c t s  may be 

more compl ica ted  and l e s s  e a s i l y  measured.  T h e r e f o r e ,  i f  one wishes 

t o  u t i l i z e  REM d e p r i v a t i o n  m a n i p u la t i o n s ,  i t  seems t h a t  t h e  f l o w e r - p o t
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t e c hn ique  may s t i l l  be t h e  p r e f e r r e d  method. However, because o f  the  

v a r i a b l e  response  t o  the  p l a t f o rm  t r e a t m e n t ,  no assumptions r e ga rd ing  

t h e  degree  o f  REM d e p r i v a t i o n  can be made in  the  absence o f  po lygraph ic  

s l e e p  d a t a .  In a d d i t i o n ,  i t  would enhance t h e  v a l i d i t y  o f  t h i s  manipu­

l a t i o n  i f  an independent  measure o f  s t r e s s  were employed. Because of  

t h e  r a r i t y  o f  a REM augmentat ion re sponse ,  i t  seems t h a t  REM d e p r iv a ­

t i o n  i s  an i n d i s p o s a b le  m an ipu la t ion  in  t h e  i n v e s t i g a t i o n  of  t h e  be­

h a v io r a l  f u n c t i o n  o f  REM s l e e p .

The d i f f e r e n t i a l  l eve l  o f  REM d e p r i v a t i o n  achieved f o r  animals 

t e s t e d  under  t h e  R-50 vs .  m u l t i p l e  ascending  procedures  m e r i t s  f u r t h e r  

i n v e s t i g a t i o n .  The R-50 an imals  tended  t o  r e c e iv e  longer  s t i m u la t i o n  

s e s s i o n s  a t  s i m i l a r  i n t e n s i t i e s ,  and t h e r e f o r e  r e c e iv e d  more s t i m u la ­

t i o n .  Spielman and o t h e r s  (1974) r e p o r t  t h a t  ICSS r e s u l t s  in lower than 

BL l e v e l s  o f  REM s l e e p ,  and S t e i n e r  and Ellman (1972) r e p o r t  a de­

c re a s e d  REM rebound a f t e r  REM d e p r i v a t i o n  i f  r a t s  a re  a d m in is t e re d  ICSS. 

S ince  SBE b ra in  s i t e s  a l s o  suppo r t  ICSS be ha v io r ,  i t  would seem l i k e l y  

t h a t  R-50 animals  would have l e s s  REM p r e s s u r e  and t h e r e f o r e  l e s s  REM 

s l e e p  than m u l t i p l e  ascending  animals  du r ing  REM d e p r i v a t i o n .  I t  i s  

p o s s i b l e  t h a t  d i s t i n c t  b r a i n s i t e s  suppo r t  ICSS and SBE. Olds and o t h e r s  

(1971) ,  us ing small e l e c t r o d e s ,  r e p o r t  on SBE s i t e s  t h a t  do not  suppor t  

ICSS. A l t e r n a t i v e l y ,  s i n c e  s t i m u l a t i o n  parameters  a r e  very d i f f e r e n t  

f o r  ICSS ( 1 / 4 - s e c .  t r a i n ,  response  c o n t i n g e n t )  and SBE (30 cont inuous 

s in u s o i d a l  wave — no t  response  c o n t i n g e n t ,  low c u r r e n t  i n t e n s i t y ) ,  i t  

i s  p o s s i b l e  t h a t  s t i m u l a t i o n  o f  t h e  same s i t e  r e s u l t s  in a c t i v a t i o n  o f  

d i s t i n c t  neu ra l  sub-systems t h a t  bear  opp o s t i e  r e l a t i o n s h i p s  to  the  

n eu ra l  system media t ing REM s l e e p .  I t  i s  known t h a t  animals  w i l l  work 

t o  t u r n  o f f  s t i m u l a t i o n  a d m in i s t e r e d  in  the  temporal  p a t t e r n  and c u r r e n t
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i n t e n s i t y  i d e n t i c a l  to  t h a t  which they  p r e v i o u s ly  worked t o  t u r n  on 

( S t e i n e r ,  Beer & S h a f f e r ,  1969).  Thus,  the  a c t i v a t i o n  o f  reward 

systems may be t im e- lo ck e d  t o  a p a t t e r n i n g  o f  neura l  f i r i n g  w i th in  the  

an imal .  Decreased REM p r e s s u r e  may be dependent  upon a c t i v a t i o n  o f  

t h i s  s o r t  o f  reward system.

The d i f f e r e n c e  in  t h r e s h o l d  e l e v a t i o n  between RD and LP c o n d i t i o n s  

was s i g n i f i c a n t  f o r  r a t s  t e s t e d  i n  R50, but  not  m u l t i p l e  ascending p r o ­

cedu re s ,  and l i g h t - ,  but  no t  d a r k - t e s t e d  r a t s .  I t  shou ld  be noted  t h a t ,  

t o  a g r e a t  e x t e n t ,  t h e s e  f i n d i n g s  a r e  i n f lu e n c e d  by two r a t s  who ex­

h i b i t e d  l a r g e r  SBE t h r e s h o l d  e l e v a t i o n s  dur ing  LP than  RD c o n d i t i o n s .

Both had l e s s  REM s l e e p  on the  small p l a t fo rm  than  on the  LP. Both 

r a t s  were t e s t e d  in  t h e  m u l t i p l e  a scend ing -da rk  c o n d i t i o n .  E l e c t ro d e  

placements  f o r  both s u b j e c t s  were in  the  medial f o r e b r a i n  bundle .  For 

one,  t h e  t i p s  bordered  the  f o r n i x .  Both r a t s  responded to  amphetamine 

with e l e v a t e d  t h r e s h o l d s .  Furthermore ,  n e i t h e r  had anomalous weight  

l o s s  o r  s l e e p  l o s s  in  e i t h e r  t h e  RD or  LP c o n d i t i o n .  I t  cannot  be de­

t e rm in ed ,  from so small a group o f  s u b j e c t s ,  whether  t h e s e  r e v e r s e d  

e f f e c t s  a r e  a t t r i b u t a b l e  t o  the  combined e f f e c t  o f  t h e  t e s t i n g  procedure 

and the  l i g h t i n g  c o n d i t i o n ,  or  whether  they  r e p r e s e n t  random v a r i a b i l i t y .  

T h e o r e t i c a l  C ons ide ra t ions

The r e s u l t s  of  t h i s  s tudy  suppo r t  the  hypo thes i s  t h a t  REM d e p r i v a ­

t i o n  i n h i b i t s  SBE, and t h a t  normal f eed ing  behav io r  may be a l t e r e d  

dur ing REM d e p r i v a t i o n .  In a d d i t i o n ,  SBE t h r e s h o l d s  remain e l e v a t e d  

during t h e  REM rebound recove ry  p e r io d .  During t h i s  t im e ,  a l though  th e  

r a t s  e x h i b i t  high l e v e l s  of  REM s l e e p ,  they can be cons ide red  t o  have a 

high "REM p r e s s u r e "  or  need f o r  REM s l e e p ,  i . e . ,  t o  s t i l l  be REM de­

p r iv e d .
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That  REM d e p r i v a t i o n  i n h i b i t s  f e e d i n g ,  seems t o  be c o n t r a d i c t o r y  

t o  t h e  f i n d i n g s  of  Se igel  (1975) .  As r e p o r t e d  above, dur ing  normal 

c o n d i t i o n s  Se igel  found a n e g a t i v e  c o r r e l a t i o n  between REM p e r c e n t  on 

a given n i g h t ,  and feed ing  on the  subsequent  day.  The p r e v i o u s l y - h e l d  

i n t e r p r e t a t i o n  o f  S e i g e l ' s  f i n d i n g s ,  t h a t  low REM l e v e l s  r e s u l t  i n  i n ­

c re a s e d  waking d r i v e  b e h a v io r ,  s u p p o r t  t h e  d r iv e  h y p o th e s i s .  A l t e r n a ­

t i v e l y ,  i t  i s  p o s s i b l e  t h a t  high REM l e v e l s  on a given n i g h t  r e f l e c t  a 

s t a t e  o f  in c r e a s e d  "need" f o r  REM s l e e p ,  o r  high REM p r e s s u r e ,  and 

t h u s ,  r e s u l t  in  f e e d in g  i n h i b i t i o n .  Conversely ,  low l e v e l  REM n i g h t s  

may r e f l e c t  a s t a t e  of  low REM p r e s s u r e  and may t h e r e f o r e  r e s u l t  in  

more f e e d i n g .  Th is  e x p la n a t i o n  i s  h ig h ly  s p e c u l a t i v e ,  but  n o n e th e l e s s  

t e s t a b l e .  I t  would be of  i n t e r e s t  t o  a s s e s s  whether  e i t h e r  SBE t h r e s h ­

o ld s  o r  t h r e s h o l d s  f o r  foo t - s h o ck  induced f i g h t i n g  c o r r e l a t e  with normal 

REM s l e e p  l e v e l s .  According t o  t h e  i n t e r p r e t a t i o n  of  S e i g e l ' s  da ta  

posed h e r e ,  a g g re s s io n  t h r e s h o l d s  shou ld  c o r r e l a t e  n e g a t i v e l y  wi th  REM 

l e v e l s  on th e  p rev ious  n i g h t ,  and SBE t h r e s h o l d s  should c o r r e l a t e  p o s i ­

t i v e l y  with t h e  p rev ious  n i g h t ' s  REM l e v e l s  du ring u n d i s tu rb e d  cond i ­

t i o n s .  I t  may be p o s s i b l e  t o  f u r t h e r  e xp lo re  t h e  n a tu re  o f  t h e  sup­

p re s s e d  feed ing  response  by measuring a l t e r a t i o n s  in meal p a t t e r n s  and 

t a s t e  s e n s i t i v i t y  in  response  t o  REM d e p r i v a t i o n .

The r e s u l t s  o f  t h i s  s tudy  do no t  suppo r t  t h e  hypo thes i s  t h a t  REM 

d e p r i v a t i o n  r e s u l t s  i n  e f f e c t s  s i m i l a r  t o ,  o r  t h e  o p p o s i t e  o f  those  

r e s u l t i n g  from NE i n j e c t i o n .  Although t h e  lack  o f  e f f e c t  in  the  D - ra t s  

i s  no t  c o n c l u s i v e l y  a t t r i b u t a b l e  t o  any s i n g l e  f a c t o r ,  s in c e  d i f f e r e n ­

t i a l  REM d e p r i v a t i o n  between p l a t f o rm  c o n d i t i o n s  was no t  a ch ieved ,  a l l  

animals  d id  d i s p l a y  s i g n i f i c a n t l y  e l e v a t e d  t h r e s h o l d s  above b a s e l i n e  

l e v e l s .  I f  t h e  r e s u l t s  p a r a l l e l e d  th o se  o f  Margules (1972) ,  then
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t h r e s h o l d s  should  have been lowered by REM d e p r i v a t i o n  dur ing  one o f  

t h e  l i g h t i n g  c o n d i t i o n s .  The f a i l u r e  t o  confirm t h i s  hypo thes i s  must 

be c o ns ide red  in l i g h t  o f  Le ibowi tz '  f i n d i n g s ,  t h a t  the  c a techo lam i-  

n e rg i c  i n f l u e n c e  on feed ing  through i n t r a c r a n i a l  i n j e c t i o n  i s  h igh ly  

dependent  on neuroanatomical  s i t e  o f  i n j e c t i o n .  Leibowi tz  (1978c) 

has found no c i r c a d i a n  v a r i a b i l i t y  in  response  t o  i n j e c t i o n s  t o  t h e  

p a r a v e n t r i c u l a r  o r  p e r i f o r n i c a l  s i t e s  she has d e f in e d .  Cannula p l a c e ­

ments in  t h e  s tudy  r e p o r t e d  by Margules and co-workers  (1972) were 

l o c a l i z e d  in t h e  p e r i f o r n i c a l  l a t e r a l  hypothalamus.  Although th es e  

f i n d i n g s  were r e p l i c a t e d  (S te rn  & Zur ik ,  1973) ,  an o p p o s i t e  t r e n d  in 

c y c l i c i t y  o f  NE e l i c i t e d  feed ing  was r e p o r t e d  by Armstrong and Singer  

(1974) a f t e r  NE i n j e c t i o n  t o  t h e  l a t e r a l  v e n t r i c l e s .  In l i g h t  o f  the  

need f o r  neura l  s p e c i f i c i t y ,  t h e  i n t e r p r e t a t i o n  of  any f i n d i n g s  a re  

l i m i t e d  in  terms o f  t h e i r  i m p l i c a t i o n s  r e ga rd ing  feed ing  behav io r  and 

REM s l e e p .

The modulatory i n f l u e n c e  e x e r t e d  on REM s leep  by NE may be complex. 

Since  t h e  occurrence  of  REM s le e p  seems to  be l i n k e d  t o  t h e  c e s s a t io n  

o f  f i r i n g  o f  s e r o t o n e r g i c  raphe  u n i t s ,  a c r i t i c a l  r a t i o  o f  NE to  s e r o ­

t o n i n  l e v e l s  may de termine  a c t i v a t i o n  of  the  REM s le e p  mechanism. REM 

d e p r i v a t i o n  may r e s u l t  in  an imbalance o f  t h i s  c r i t i c a l  r a t i o .

Dement (1969) and McGinty and co-workers  (1974) sugges t  t h a t  s e r o ­

to n in  i n h i b i t s  d r iv e  behav io r  and t h a t  REM s le e p  occurs  when s e ro t o n in  

l e v e l s  a r e  low. Se ro to n in  d e p l e t i o n  i s  known t o  r e s u l t  in i nc reased  

h a l l u c i n a t o r y ,  a g g r e s s iv e  and sexual  behav io r  (see  McGinty et_ al_., 1974) . 

McGinty and o t h e r s  (1973) s u g g e s t  t h a t  s leep-wake s t a t e s  may be d e t e r ­

mined by th e  degree  o f  coup l ing  o f  NE and s e r o t o n in  sys tems.  He sug­

g e s t s  t h a t  t h e  monoamines may c o n t r o l  t h e  coupl ing  o f  f u n c t io n a l  systems
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t h a t  media te  senso ry  i n p u t ,  c o g n i t i o n ,  p re -moto r  and motor o u t p u t .  REM 

s l e e p ,  they  s p e c u l a t e ,  may r e f l e c t  an uncoupl ing of  t h e s e  sys tems.  This  

uncoupl ing r e s u l t s  in  p re -m oto r  u n i t  f i r i n g  in  t h e  absence o f  motor o u t ­

p u t ,  and th e  lack  of  i n t e g r a t i o n  o f  c o g n i t i o n  and senso ry  i n p u t  known 

t o  occur  dur ing  REM s l e e p .

I f ,  in  f a c t ,  REM d e r p i v a t i o n  e l e v a t e s  SBE t h r e s h o l d s  on ly  when 

t e s t e d  in t h e  l i g h t ,  then i t  would be meaningful  t o  unders tand  t h a t  

phenomenon in  the  co n te x t  o f  the  way o t h e r  r e l a t e d  behav io rs  occur  with 

r e s p e c t  to  t h e  l i g h t - d a r k  c y c l e .  I t  i s  known t h a t  most behav io rs  occur  

more f r e q u e n t l y  in  t h e  dark in  r a t s .  Feeding ,  sexual  behav io r  and 

a c t i v i t y  l e v e l s  a r e  a l l  h ig h e r  in  the  dark (Lockard,  1963) . Rats main­

t a i n e d  on a L-12,  D-12 l i g h t i n g  schedu le  s l e e p  more in  t h e  l i g h t  than 

in  t h e  dark (Fishman & Roffwarg, 1972);  however, i t  has been shown 

t h a t  t h i s  i s  not  because l i g h t  enhances s l e e p  behav io r .  In f a c t ,  g iven 

a cho ice  s i t u a t i o n ,  r a t s  spend 95% o f  t h e i r  t ime in t h e  d a rk ,  and s le e p  

e x c l u s i v e l y  i n  the  dark ( se e  Fishman & Roffwarg, 1972) .  Furthermore,  

Fishman and Roffwarg p r e s e n t  da ta  sugges t ing  t h a t  exposure t o  l i g h t  

s e l e c t i v e l y  REM d e p r iv e s  r a t s .  Whitehead,  F re d r i c k so n ,  Wincor, Madensky 

and Recht scha ffen (1970) and Lisk and Sawyer (1966) have shown t h a t  dark 

c o n d i t i o n s  e l i c i t  REM s l e e p .  I t  may be t h e  case  t h a t  n o n - s p e c i f i c  d r iv e  

energy (perhaps m an i f e s t ed  by REM s l e e p  o r  ICSS) i s  enhanced in  the  

d a rk .  I f ,  under normal c o n d i t i o n s ,  f eed ing  i s  the  r e s u l t  o f  hunger and 

n o n s p e c i f i c  d r iv e  energy,  then REM d e p r i v a t i o n  may be enhancing the  non­

s p e c i f i c  d r i v e  component and supp res s ing  the  hunger  component o f  the  

response .  These e f f e c t s  could cancel  each o t h e r  and r e s u l t  in  no change 

in  feed ing  behav io r  measured in  t h e  dark in  response  t o  REM d e p r i v a t i o n .

The va r io u s  t h e o r e t i c a l  p o s i t i o n s  as  t o  t h e  be hav io ra l  f u n c t i o n  of
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REM s l e e p  a r e ,  t o  some e x t e n t ,  compat ib le .  For example,  the  s e n t i n e l  

hy p o thes i s  e x p la i n s  the  e v o lu t io n a r y  advantage  t h a t  REM s le ep  a f f o r d e d  

a n c i e n t  mammals. This  theo ry  o f f e r s  few comments on the  p r e s e n t  l i n k  

between REM s l e e p  and waking be ha v io r ,  but  i s  compat ib le  with e i t h e r  

the  d r i v e ,  o r  d r ive - rew ard  t h e o r y .  Snyder (1966) n o t e s  t h a t  during 

c ir cumstances  o f  environmental  s t r e s s  (when an animal would be REM de­

p r i v e d ) ,  i t  might  be advantageous f o r  an organism to  have a high d r iv e  

l e v e l .

Since  REM d e p r i v a t i o n  does occur  n a t u r a l l y  in  response  t o  p a r t i c ­

u l a r  environmental  c o n d i t i o n s ,  i t  seems impor tan t  t h a t  a behavio ral  

t h eo ry  o f  REM s le e p  e x p la i n  i t s  med ia t ing  r o l e  between environment and 

behav io r .  The d r iv e  theo ry  e x p la i n s  REM s l e e p  as r e g u l a t i n g  behavior  

in response  t o  vary ing  endogenous s t a t e s  of  the  organism,  but  f a i l s  to  

e x p la in  REM v a r i a b i l i t y  in  response  t o  environmental  c o n d i t i o n s .  Fur­

therm ore ,  i t  i s  d i f f i c u l t  t o  conceive o f  why i t  would be ad a p t iv e  f o r  

a l l  d r iv e  behaviors  t o  be e n e rg i ze d  a t  the  same t im e .  In p a r t i c u l a r ,  

under  what c i r cumstances  would i t  be advantageous t o  e n e rg i ze  feed ing  

and agg re s s io n  a t  the  same t ime?

Extending Snyde r ' s  rea son ing  t o  more r e c e n t  n o t io n s  s t a t e d  in  the  

d r iv e - re w a r d  h y p o t h e s i s ,  i t  would be advantageous f o r  REM d e p r i v a t i o n  

t o  r e s u l t  in  an enhanced s e n s i t i v i t y  t o  p re d a to ry  t h r e a t s ,  f a c i l i t a t i o n  

o f  a g g r e s s iv e  ( f i g h t  o r  f l i g h t )  b e h a v io r s ,  and an i n h i b i t i o n  of  behavior s  

a s s o c i a t e d  with f ee d in g .

The i n f o r m a t i o n - c o n s o l i d a t i o n  theo ry  i s  l e s s  compat ib le  with the  

s e n t i n e l  h y p o th e s i s .  I t  seems u n l i k e l y  t h a t ,  i f  REM s le ep  a i d s  in  con­

s o l i d a t i o n ,  an organism would be wel l se rved  t o  be REM-deprived dur ing 

s t r e s s f u l  c i r c um s tanc e s .
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Taken a lo n e ,  t h e  main l i m i t a t i o n  o f  the  s e n t i n e l  hypo thes i s  r e g a r d s  

t h e  p a u c i ty  o f  t e s t a b l e  p r e d i c t i o n s  i t  p o s i t s .  In f a c t ,  acco rd in g  to  

t h i s  n o t io n ,  REM s le e p  may r e p r e s e n t  a v e s t i g i a l  p rocess  f o r  some organ­

isms.  Snyder s p e c u l a t e s  t h a t  t h e  f u n c t io n  of  REM s le e p  may have evolved 

a lo ng  with t h e  changing needs o f  t h e  organism in sugges t ing  t h a t  e a r l y  

morning awakenings f r e q u e n t l y  observed in  d e p re s s iv e  p a t i e n t s  may be a 

response  t o  an endogenous danger  s i g n a l .

The d r i v e  h y p o thes i s  s p e c i f i e s  t h e  p a r t i c u l a r  behav io rs  t h a t  a re  

r e g u l a t e d  by t h e  REM s le e p  mechanism, as  well  as  the  n a tu r e  o f  t h e i r  

i n t e r - r e l a t i o n s h i p .  This  would seem t o  l ead  t o  t e s t a b l e  hypotheses .  A 

major  problem, however, l i e s  in  t h e  f a c t  t h a t ,  s inc e  the  behav io rs  in  

q u e s t io n  a r e  c r u c i a l  t o  s u rv iv a l  o f  the  organism,  they  tend  t o  be be­

h a v io r s  t h a t  a r e  ove r -de te rm ined .  That i s ,  t h e s e  behav io rs  a r e  o rgan ized  

on many l e v e l s  of  t h e  nervous system, and t h e r e f o r e  may tend  no t  t o  be 

d i s r u p t e d  by a s i n g l e  m an ipu la t ion  such as REM d e p r i v a t i o n .  The unique 

advantage o f  t h e  d r iv e - r e w a r d  h y p o thes i s  l i e s  in  i t s  s p e c i f i c a t i o n  o f  a 

neu ra l  s u b s t r a t e  of  behav io r  t h a t  can be t ape d  and s e n s i t i v e l y  measured. 

I f  t h e  system in q u e s t i o n  i s  l i n k e d  to  REM s l e e p ,  then i t s  response  to  

REM d e p r i v a t i o n  should  be o b s e rv a b le  even i f  ano th e r  system o f f e r s  be­

h a v io r a l  compensat ion.  Fur thermore ,  t h e  system s p e c i f i e d  by the  d r i v e -  

reward hypo thes i s  i s  known to  be a s s o c i a t e d  with rewarding and mot iva­

t i o n a l  a s p e c t s  of  be ha v io r .  Thus, in t h e  case  of  f e e d i n g ,  the  behavior  

can be measured in  terms of  a p a r t i c u l a r  system, and the  measure i s  

r e l a t i v e l y  u n a f f e c t e d  by compensatory mechanisms t h a t  may m ain ta in  body 

weight  and n u t r i t i o n a l  needs in  t h e  f a c e  o f  c h a l l e n g e s  imposed by REM 

d e p r i v a t i o n .

The i n f o r m a t i o n - c o n s o l i d a t i o n  hypo thes i s  proposed by Fi shbe in
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(1970,  1971) i s  i n t e r n a l l y  i n c o n s i s t e n t .  F i shbe in  s ugge s t s  t h a t  the  

c o n s o l i d a t i o n  mechanism i s  d i f f e r e n t i a l l y  a f f e c t e d  by REM d e p r i v a t i o n  

depending upon whether t r a i n i n g  o f  a p a s s i v e  avoidance  t a s k  occur red  

be fo re  o r  a f t e r  t h e  REM d e p r i v a t i o n  procedure  ( see  above) .  F i s h b e i n ' s  

h y p o thes i s  does no t  d i f f e r e n t i a t e  among t a s k s  t o  be a f f e c t e d  by REM 

d e p r i v a t i o n .  Ra the r ,  h i s  no t io n  sugge s t s  t h a t  the  c r i t i c a l  r o l e  o f  

REM s le e p  i s  l i n k e d  to  a p a r t i c u l a r  p ro c e s s in g  s t a g e ,  and t h e r e f o r e ,  

h i s  p r e d i c t i o n s  d i f f e r e n t i a t e  a long a t ime course  a f t e r  t r a i n i n g .  

Pearlman and Greenberg 's  d a t a ,  t h a t  s imple t a s k s  a r e  d i s r u p t e d  by REM 

d e p r i v a t i o n ,  p rov id e  c o n t r a d i c t o r y  ev idence  to  F i s h b e i n ' s  h y p o thes i s .  

Since Fi shbe in  u t i l i z e d  a p a s s i v e  avoidance  t a s k  (while  Pearlman and 

Greenberg use a c t i v e  t a s k s )  and s in c e  he f a i l e d  t o  employ p rocedures  to  

c o n t ro l  f o r  the  in c r e a s e d  a c t i v i t y  l e v e l s  found to  occur  in  response  

t o  REM d e p r i v a t i o n ,  l i m i t a t i o n s  a r e  p laced  on th e  i n t e r p r e t a t i o n  o f  h i s  

f i n d i n g s .

Pearlman and G reenberg 's  no t ion t h a t  REM-dependent behav io rs  com­

p r i s e  th o se  t a s k s  t h a t  invo lv e  complex s t im u lus  c o n d i t i o n s  o f f e r s  an 

e x p la n a t i o n  f o r  the  appearance  o f  REM s l e e p  in mammalian e v o l u t i o n .

They reason  t h a t  mammals need to  depend on newly a c q u i r e d  in fo rm a t ion  

and c o n s o l i d a t i o n  o f  s t i m u lu s  c o n t in g e n c i e s  f o r  s u r v i v a l  more than  p re -  

mammalian organisms.  Thus, they  view th e  e v o lu t io n a r y  development  of  

REM s l e e p  as  an a d a p ta t i o n  t h a t  f a c i l i t a t e s  c o n s o l i d a t i o n  o f  informa­

t i o n  n e c es s a ry  f o r  behav io r s  t h a t  a re  impor tan t  f o r  s u r v i v a l ,  but  t h a t  

a r e  no t  "p re -wi red"  i n t o  t h e  b r a i n .

The major s t r e n g t h  of  t h i s  hypo thes i s  l i e s  in  i t s  a b i l i t y  t o  p r e ­

d i c t  d i s r u p t i o n  o f  some b e h a v io r s ,  bu t  not  o t h e r s .  These behav io rs  a r e  

e a s i l y  s p e c i f i a b l e ,  and can be e a s i l y  measured.  Pearlman and Greenberg
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i n t e r p r e t  t h e i r  f i n d i n g s  as  l end ing  suppo r t  t o  t h e i r  th e o r y .  T he i r  

s t u d i e s  suppo r t  t h e  no t io n  t h a t  REM d e p r i v a t i o n  d i s r u p t s  performance 

o f  t a s k s  in v o lv in g  complex s t im u lu s  c o n d i t i o n s ,  and no t  s imple con­

d i t i o n s .  None o f  t h e i r  m a n ip u la t io n s ,  however,  add res s  the  i s s u e  o f  

whether  the  d i s r u p t i o n  i s  a t t r i b u t a b l e  to  p r e - c o n s o l i d a t i o n  mechanisms 

(such as  s e l e c t i v e  a t t e n t i o n ) ,  o r  c o n s o l i d a t i o n  mechanisms. During 

amphetamine t r e a t m e n t ,  performance o f  complex t a s k s  tends  t o  be d i s ­

ru p te d .  These e f f e c t s  a r e  g e n e r a l l y  a t t r i b u t e d  to  e i t h e r  a l t e r a t i o n s  

in  s e l e c t i v e  a t t e n t i o n ,  or  re sponse  c o m p a t i b i l i t y  r a t h e r  than c o n s o l i ­

d a t io n  mechanisms. I f ,  as  sugges ted  h e r e ,  REM d e p r i v a t i o n  p rep a re s  the  

organism f o r  p red a to ry  c h a l l e n g e ,  then  s e n s i t i v i t y  t o  p a r t i c u l a r  s t i m u l i  

may be enhanced a t  the  expense o f  o t h e r ,  more complex s t i m u l i .  F u r th e r ­

more,  Pearlman and Greenberg u t i l i z e d  food as  a r e i n f o r c e r  in  t h e i r  

experiment .  I f  s t i m u l i  r e l a t i n g  t o  f eed ing  behav io r  a re  l e s s  p o t e n t  

du ring REM d e p r i v a t i o n ,  then  l e a r n i n g  o f  a complex t a s k  in  o rd e r  t o  

o b t a i n  food would be i n h i b i t e d .  The d r ive - re w a rd  t h e o r y  p rov ides  a 

model f o r  i n v e s t i g a t i n g  the  r e l a t i o n s h i p  of  REM s l e e p  t o  r e w a r d - r e l a t e d  

b e h a v io r s .  This model i s  based on ev id ence  t h a t  t h e  ICSS neura l  n e t ­

work i s  r e c i p r o c a l l y  r e l a t e d  to  b r a i n  mechanisms media t ing  REM s l e e p ,  

and th e  assumption t h a t  s t imulus-bound  behav io r s  e l i c i t e d  from b ra in  

s i t e s  t h a t  s u ppo r t  ICSS behav io r  r e f l e c t  the  m o t iv a t io n  component o f  

t h e  be ha v io r .  This  model p rov ides  a means of  p r e c i s e l y  measuring the  

s e n s i t i v i t y  o f  t h e  neura l  s u b s t r a t e  o f  v a r io u s  consumatory and a p p e ta -  

t i v e  behav io r s  from b ra in  s i t e s  known to  be r e l a t e d  t o  reward mechanisms. 

I t  t h e re by  p o t e n t i a t e s  i n v e s t i g a t i o n  o f  t h e  o r g a n i z a t i o n  of  reward s y s ­

tems and t h e i r  r e l a t i o n s h i p  t o  REM s l e e p .  Since many s t im ulus -bound  

behav io rs  can be e l i c i t e d  from more p o s t e r i o r  b r a i n  s i t e s  w i thou t  the
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m o t iv a t io n a l  response  q u a l i t y  seen in  h y p o tha la m ic a l ly  e l i c i t e d  r e ­

sponding ,  the  importance o f  t h e  m o t iva t iona l  (as  opposed to  sensory 

Inpu t  o r  motor) component of  t h e  response  can be a s s e s s e d .

In accordance with t h e  d r iv e - re w a r d  model ,  i t  i s  sugges ted  here

t h a t  REM s le e p  may se rve  t h e  f u c t i o n  o f  modulat ing  the  degree  of

a c t i v a t i o n  o f  an organism to  respond t o  a p re d a to ry  c h a l l e n g e .  Since 

an imals  respond to  environmental  s t r e s s  by having l e s s  REM s l e e p ,

REM s l e e p  may se rve  as  a m ed ia to r  between environmental  c o n d i t i o n s  and 

endogenous l e v e l s  of  a c t i v a t i o n .  This  endogenous a c t i v a t i o n  may r e s u l t  

in  enhancement of  some behav io r s  and supp re s s io n  o f  o t h e r s .  S p e c i f i c a l l y ,  

i t  i s  proposed t h a t  REM d e p r i v a t i o n  r e s u l t s  in  a c t i v a t i o n  o f  response  

p a t t e r n s  a s s o c i a t e d  with sympathe t i c  nervous a c t i v a t i o n .  This  no t io n  

ga in s  suppo r t  from t h e  f a c t  t h a t  the  behav io ra l  e f f e c t s  of  REM d e p r i v a ­

t i o n  a re  analogous t o  those  o f  amphetamine.

This  hypo thes i s  su g g e s t s  t h a t  the  behav io ra l  e f f e c t s  o f  REM d e p r i ­

v a t io n  a r e  mediated by t h e  same mechanisms as  those  med ia t ing  th e  be­

h a v io r a l  e f f e c t s  o f  amphetamine. Like amphetamine,  REM d e p r i v a t i o n  i s  

hypo thes ized  t o  e x e r t  p e r i p h e r a l  e f f e c t s  r e f l e c t i n g  sympathe t i c  nervous 

system a c t i v a t i o n .  These p h y s io l o g i c a l  changes p red i spose  t h e  organishis 

t o  emi t  a d a p t iv e  behav io r s  in  t h e  f ac e  o f  p red a to ry  c h a l l e n g e .  Thus, 

t h e  d r iv e - re w a r d  hypo thes i s  i s  compat ib le  wi th  Snyde r ' s  e x p la n a t i o n  of  

t h e  p h y lo g e n e t i c  b a s i s  o f  REM s l e e p .  That  REM d e p r i v a t i o n  suppresses  

SBE from b ra in  s i t e s  where i t  i s  known t o  enhance ICSS, s t r e n g th e n s  the  

h y p o th e s i s  t h a t  amphetamine and REM d e p r i v a t i o n  e x e r t  t h e i r  i n f l u e n c e  

on behav io r  through th e  same mechanisms.

The f i n d i n g  t h a t  REM d e p r i v a t i o n  i n t e r f e r e s  wi th  performance o f
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complex,  but  no t  s imple t a s k s  a r e  a l s o  analogous t o  t h e  behav io ra l  e f ­

f e c t s  o f  amphetamine. I t  i s  not  n e c e s s a r i l y  the  c a s e ,  however, t h a t  

t h e s e  e f f e c t s  a r e  due t o  d i s r u p t i o n  o f  a memory-consol ida t ion mechanism. 

A l t e r n a t i v e l y ,  i t  may r e d i r e c t  a t t e n t i o n  to  environmental  danger  s i g n a l s .
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Table 1: Means and S tandard  Devia t ions  f o r  REM ( p e r c e n t  of  t o t a l

s l e e p  t i m e ) ,  SWS (p e r c e n t  o f  t o t a l  s l e e p  t ime)  and Total Sleep  (TS) 

( p e r c e n t  o f  awake) All as  Pe rcen t s  of  BL Leve ls .

R D L P

REM SWS TS REM SWS TS

X 7.2 116.4 34.5 24.0 113.0 35.5

sd 8 .0 4 .4 6 .4 30.7 5.4 13.4

X 14.7 114.3 44.6 31.4 111.9 43.5

sd 24.4 6 .3 17.7 29.5 6 .9 20.5



L - r a t s

D - r a t s

Table  2 1 1Means and S tandard Dev ia t ions ; o f  REM a s  a P e r c e n t  o f  Tota l  S leep

Time, and Tota l  Sl eep  Time as  a P e r c e n t  o f  Awake Time f o r  L - r a t s  and D - r a t s

During each Sleep  Condit ion

BL RD R12 R5 BL LP R12 R5

X 15.0 1 .0 28.5 16.8 14.8 3 .7 24 .8 17.5
REM%

sd 1.8 1 .2 3.1 1 .3 2 .4 4 .8 5 .7 2 .2

X 145.0 48.1 233.1 165.3 143.2 51.6 174.1 143.1
sleep%

sd 48.5 10.1 79 .8 35.3 45 .0 27 .9 5 4 .0 37.9

X 14.0 1 .7 27.1 16.2 14.5 4 .4 25 .8 16.5
REM%

sd 2 .6 2 .5 2 .9 2 .7 2.1 4.1 4 .5 2 .3

X 150.2 65.7 228.9 156.4 148.0 64.3 226.2 168.9
sleep%

sd 30.3 28.1 60 .9 39.5 31.7 32.5 79 .4 31.6

■vlCJ1
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Table

L - r a t s

L - r a t s

l: Means and Standard  Dev ia t ions  o f  Body Weight f o r

and D - r a t s  P re -  and Post-RD and LP Condi t ions  (gms).

Pre-RD________RD___________ Pre-LP________LP_

I  510 481 523 494

sd 28 24 33 36

X 532 481 523 484
D-ra t s

sd 61 24 60 54



Table 4:  SBE Thresho ld  Means and S tandard  Dev ia t ions  f o r  RD and

LP Condi t ions  and T he i r  Respec t ive  BL C ond i t ions ,  f o r  L - r a t s  and 

D - r a t s  (mv).

BL RD P BL LP p

X 20.3 28 .8 21.6 25.1
L - r a t s * ns

sd 9.8 9.8 7.6 8 .4

X 15.9 24.1 15.7 26.0
D - ra t s * *

sd 4 .2 10.1 5.2 16.4

* p < .05 

ns p > .05
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Table 5: Mean and S tandard  Devia t ion  o f  In c re a se  Over

BL in SBE Thresho lds  During RD and LP f o r  L - r a t s  and 

D - r a t s  (mv).

RD d e l t a _________________LP d e l t a  g_

X
L - r a t s

sd

8.6

4 .8

3.6

4 .6
*

X 8.3 10.3
D -ra t s ns

sd 7.2 13.1

* p < .05 

ns p > .05



Table  6: SBE Thresho ld  Means and S tandard  D e v ia t ions  During Each Sleep  Cond it ion

f o r  L - r a t s  and D - r a t s .

BL RD R12 R5 BL LP R12 R5

X 20.3 28.8 23 .0 19.2 21.6 25.1 23.3 21 .4

sd 9 .8 9.8 9 .4 7 .3 7 .6 •
00 CO• 7 .7

X 15.9 24.1 19.6 16.3 15.7 26 .0 19 .0 15 .4

sd 4 .2 10.1 6 .7 5 .8 5 .2 16 .4 7 .8 6 . 0

to
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Table 7: Means and S tandard  Dev ia t ions  o f  Threshold Change, REM

Loss ,  and Weight Loss During RD and LP Condit ions  f o r  Rats  Tested 

in  R-50 and M u l t ip le  Ascending P rocedures .

R-50 M u l t ip le  Ascending

J sd P J sd D

Thresho lds  (mv)

RD d e l t a 6.0 3 .0 10.8 5.8
* ns

LP d e l t a 2.2 1.5 4 .3 7 .0

REM Loss (%)

RD 18.1 23.9 3 .8 2 .3
* *

LP 46.6 31.5 8 .9 6 .3

Sleep l o s s  (%)

RD 45.6 14.2 33.5 11.3
ns ns

LP 48.1 19.8 30 .9 8 .7

Weight Loss (g)

RD 42 9 18 29
ns ns

LP 34 15 27 24

* p < .05 

ns  p > .05
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Table 8:  Means and S tandard  Dev ia t ions  o f  REM Loss

(expres sed  as  REM p e rc e n t  o f  t o t a l  s l e e p  t ime a s  a 

p e rc e n t  o f  BL) During RD and LP Condi t ions  f o r  L - r a t s  

and D - r a t s .

RD LP

L - r a t s
J  7 .2  

sd 8 .0

24 .0

30.7

D - ra t s
X 14.7 

sd 24.4

31.4

29.5
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FIGURE LEGENDS

1: Schematic o f  Experimental  Design.

2: Schematic o f  e l e c t r o d e  placements  o f  t h e  s i x  L - r a t s  with

e l e c t r o d e  t i p s  in  t h e  medial  f o r e b r a i n  bundle .

3: Schematic of  l o c a l i z a t i o n  o f  e l e c t r o d e  in the  f o r n i c a l

a rea  f o r  one L - r a t .

4: Schematic o f  e l e c t r o d e  placement  f o r  one L - r a t  with

e l e c t r o d e  t i p  in  t h e  H2 f i e l d  o f  F o r e l .

5: Schematic o f  e l e c t r o d e  placements  o f  t h e  f o u r  D - ra t s  with

e l e c t r o d e  t i p s  in the  medial  f o r e b r a i n  bundle .

6: Schematic o f  e l e c t r o d e  placements  o f  t h e  two D - ra t s  with

e l e c t r o d e  t i p s  in the  H2 f i e l d  o f  F o re l .

7: Schematic o f  e l e c t r o d e  placement  f o r  one D - ra t  with

e l e c t r o d e  t i p  in the  p o s t e r i o r  hypothalamic nuc leus .

8: Schematic o f  e l e c t r o d e  placement f o r  one D - r a t  with

e l e c t r o d e  t i p  in  t h e  s u b s t a n t i a  n ig ra  pa rs  r e t i c u l a r i s  

f o r  one D - r a t .

9: REM t im e ,  SWS t ime and Awake t ime during  BL, RD and

Recovery c o n d i t i o n s  f o r  L - r a t s .

10:  REM t im e ,  SWS t ime and Awake t ime during  BL, LP and

Recovery c o n d i t i o n s  f o r  L - r a t s .

11: REM t im e ,  SWS t ime and Awake t ime dur in g  BL, RD and 

Recovery c o n d i t i o n s  f o r  D - r a t s .

12: REM t im e ,  SWS t ime and Awake t ime f o r  BL, LP and 

Recovery c o n d i t i o n s  f o r  D - r a t s .
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